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CONTRIBUTION OF MINERALOGY TO CERAMIC TECHNOLOGY* 
THE EDWARD ORTON, JR., MEMORIAL ADDRESS FOR 1936 


By J. McCaucHey 


|. Introduction 
The Fellows and Members of the American Ceramic 
Society and Guests: 

To such an audience as this, it is needless for me to recite 
the achievements of General Orton in whose honor we are 
gathered tonight. Most of you have known him inti- 
mately and worked with him and know of his long years of 
service as Secretary of this Society. His large and out- 
standing contributions have been touched upon by Mr. 
Riddle, Dean of the Fellows. 

I am pleased to have the opportunity of joining you in 
honoring his memory. 


ll. Mineralogy and Ceramic Technology 

There is a close relationship between mineralogy 
and ceramic technology because, for the most 
part, ceramic ware has been manufactured from 
nonmetallic minerals. The gradual expansion in 
ceramic technology has brought about new uses 
for many minerals in the manufacture of an in- 
creasing variety of industrial products. The de- 
velopment of experimental mineralogy and the 
application of new research methods peculiar to 
mineralogy have developed knowledge of consid- 
erable interpretative value when applied to 
ceramic products. 

The technique of the mineralogist has always 
followed the procedure of using the physical 
properties of the minerals for their identification. 
It is possible in the case of minerals to use this pro- 
cedure successfully because their number is rather 
limited, owing to the fact that insoluble com- 
pounds are the stable ones found as minerals and 
also that there is the extensive solid solution in 
minerals which makes it possible for Nature to 
limit the number of crystal phases that appear. 
Many of the minerals are products of high-tem- 
perature chemistry and for that reason are not 
found in the ordinary methods of laboratory re- 
search. This would account somewhat for the 
late start of experimental mineralogy. 

With the development of microscopic petrog- 
raphy, experimental mineralogy received a new 
interest and stimulation, and attention was given 
to the fine-grained minerals, synthesized in the 
laboratory, which now could be identified even in 

* This Orton Memorial Lecture was presented and pub- 
lished under the auspices of the Fellows of the American 
Ceramic Society at the Annual Meeting of the American 


Ceramic Society, Columbus, Ohio, March 31, 1936. Re- 
ceived July 11, 1936. 


a fine state of subdivision. To this early period 
belongs the pioneer work of J. H. L. Vogt on slags 
and slag minerals, many of which proved to be 
identical with those occurring in Nature. 

Little was known, however, concerning the 
stability relationships of these minerals or states 
of equilibrium in which they were produced. In 
1905, owing to the munificence of Andrew Car- 
negie, the Geophysical Laboratory in Washington 
began a systematic investigation of the equilibria 
involved in mineral systems, particularly those 
systems having to do with rocks. In 1915 was 
published the first complete investigation of a 
three-component silicate system, that is, CaO- 
Al,O;-SiO,. This paper by Rankin and Wright’ 
was in every sense of the word a classic in the 
field of experimental mineralogy and a milestone 
in the application of mineralogical research. As 
is often the case, the by-products of a research 
become, as it were, more important than the re- 
search itself. The application of the results of 
this investigation had great importance in the 
manufacture of Portland cement. Later it was 
discovered that some of the problems involving 
the melting of blast-furnace slags were more 
clearly understood by the consideration of the 
results of this investigation. It was also found 
that this equilibrium diagram showed other im- 
portant relationships, such as the use and the 
fluxing of fireclay refractories, and still later, 
the constitution of the high-alumina cements. 

The rather simple method of investigation in- 
volving the recognition of the primary crystal 
phase separating out of silicate melts was first 
introduced by Vogt and later developed at the 
Geophysical Laboratory. This method makes it 
possible to construct the equilibrium diagrams 
that are so well known to most ceramic engineers. 
The results obtained thus far have been of great 
usefulness in the interpretation of silicate systems. 

Unfortunately, there are silicate systems for 
which we do not have equilibrium diagrams which 
would be of invaluable help in interpreting slag 
reactions in basic metallurgical industries and in 
understanding the phenomena in the corrosion of 
refractories. 

1G. A. Rankin and F. E. Wright, ““The Ternary System 
CaO-AlO;-SiO,,” Amer. Jour. Sci., 4th Ser., 39, 1 (1915). 
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In ceramic ware, properties such as rigidity, 
strength, and translucency are sought and, 
when obtained, no further processing of the prod- 
uct is required. The minerals in the products 
are often so finely divided that they do not yield 
readily to microscopic technique, so that the 
equilibrium diagrams are helpful principally in 
indicating tendencies developed in this otherwise 
immature product. 

The full state of equilibrium, however, is some- 
times developed when these products are heated 
over a long period of time under service condi- 
tions. This is especially true of refractories. 
Investigation of products such as these, after 
they have been in service over a protracted 
period, yields important information as to the 
cause of failure or of unusually good service. 


In any research problem, it is important to 
know all the facts, and it is difficult in silicate 
systems to obtain these facts unless some con- 
sideration is given to the mineralogical constitu- 
tion of the products in question. With a knowl- 
edge of the physical properties of the minerals 
developed in such systems and of the matrix 
bond, it should be possible to interpret unusual 
properties. Mineralogical technique supplies a 
means of discovering other and additional in- 
formation that a purely chemical or such purely 
physical technique as the measurement of trans- 
lucency, spalling, and coefficient of expansion 
could not yield. The information thus obtained 
should be regarded as supplementary in 
character. 

Microscopic examination of ceramic products 
and the identification of crystalline phases ap- 
pearing in them often establish the fact that 
certain minerals can coexist, and are therefore 
compatible phases in this system. In the ab- 
sence of equilibrium diagrams, this compatibility 
of crystalline phases is of help in interpreting the 
reactions taking place. 


Ill. Silicate Reactions in Ceramic Products Not 
Always Predictable 

Microscopic examination at times supplies in- 
formation apparently at variance with what 
should be expected from equilibria data that has 
already been established. Such anomalous equi- 
libria are illustrated by the following examples 
which were discovered through microscopic ex- 
amination. 


(1) Quartz Not Dissolved by Feldspar 

In the RO-AlO;-SiO, equilibrium diagrams, 
most porcelain bodies lie within the composition 
triangle involving mullite, cristobalite, and a low 
melting mineral such as the feldspars (orthoclase, 
albite, anorthite), or cordierite in the MgO- 
Al,O;-SiO, system. The ternary eutectic of the 
compositon triangle in each case lies close to the 
base line involving zero mullite and approximately 
midway between the feldspar and cristobalite. 

Most porcelain bodies contain as raw materials 
about 50% of clay, variable amounts of quartz, 
and a bonding mineral of an alumino-silicate 
composition or an oxide phase which will produce 
such a low-temperature melting mineral. Clay is 
finely divided and uniformly dispersed through the 
mass to give it green strength. It is in such large 
amounts that it must be a very essential part of 
such a system. This clay substance, on heating, 
dissociates into mullite and cristobalite before 
any melting has taken place (100 pounds of meta- 
kaolin produce 36 pounds of cristobalite and 64 
pounds of mullite). The ternary eutectic in the 
CaO-Al,O;-SiO, systems is composed mineralogi- 
cally of cristobalite 48.7, anorthite feldspar 48.7, 
and mullite 2.6. 

These figures show that the eutectic contains 
about equal parts of cristobalite and feldspar, 
and only about 2.6% of the eutectic is contrib- 
uted by mullite. Mullite evidently has a low 
solubility in this system at the temperature of the 
eutectic. The feldspar is much more active in 


‘fluxing free silica; in the case of anorthite, one 


pound of feldspar fluxes one pound of free silica. 

We are surprised, however, in making a micro- 
scopic examination of porcelain to find little evi- 
dence of the fluxing of the quartz or flint that is 
used. Thin sections of most of these materials 
show large amounts of undissolved quartz, and in 
very high feldspar bodies, such as dental porce- 
lains, the quartz shows up strikingly in the thin 
section, while all evidence of the clay, or kaolin, is 
gone. We are led to reason, therefore, that the 
silica required for the formation of the eutectic in 
such systems does not come from the free flint or 
quartz that is added to the system, but rather 
from the clay which is used in much larger 
amounts. It seems reasonable to expect this 
because the clay particles are very finely divided 
and, in the mixing of the raw batch, are widely 
dispersed throughout the body. When the ware 
is heated, the finely divided and highly dispersed 
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clay particles dissociate at a temperature below 
that of vitrification, producing embryonic mullite 
and free silica. 

In fired bodies, little of the quartz is fluxed, 
most of it remaining undissolved as a nonplastic, 
along with an extremely large amount of embry- 
onic mullite. From an equilibrium diagram 
alone, we should expect that the quartz would be 
the contributing agent for intensifying a fluxing 
action of the feldspars, while actual examination 
of the body would indicate that practically little 
or none of the quartz is used in the formation of 
the ternary eutectic. The principle involved is 
the same whether the fluxing mineral is albite, 
orthoclase, anorthite, or cordierite. The mullite 
contributes little to the composition of the ternary 
eutectic, and as further solution takes place, the 
composition of the melt moves along the binary 
cotectic, little additional mullite passing into the 
solution since it can be seen from the equilibrium 
diagram that these cotectic lines are nearly paral- 
lel to the mullite base line. 

Microscopic examination of these products 
gives a clearer picture of the actual mechanism of 
the reaction than one would obtain from consider- 
ing the equilibrium diagram alone. Microscopic 
examination indicates that the free silica formed 
by the dissociation of metakaolin contributes 
more to the development of a ceramic bond in 
such ware than does the quartz itself. Further- 
more, this development of the ceramic bond in 
close association with a clay substance probably 
acts as a mineralizer inducing the formation and 
crystallization of mullite. 

The diagram used to illustrate this principle is 
the CaO-Al,O;-SiO, diagram, and the feldspar 
is the calcium feldspar, anorthite. The equilib- 
rium diagrams of the K,O-Al,O;-SiO, and the 
Na,O-—Al,0;-SiO, systems, worked out by Schairer 
and Bowen illustrate the principle better, but 
these systems have not yet been released by the 
Geophysical Laboratory. 


(2) lron Does Not React with Silica Brick Roofs 

A second apparent anomaly is found in a silica 
roof brick that has seen service in an open-hearth 
steel furnace. There is an absorption of iron 
oxide by the roof in service. The roof, however, 
is bathed by a current of air from the air port 
which is the upper port in the open-hearth fur- 
nace. In spite of the absorption of considerable 
amounts of iron oxide in the roof and its migra- 


tion, the silica brick seems to be able to resist, at 
the high temperature of the open-hearth furnace, 
the fluxing action of this iron oxide. An exami- 
nation of a thin section of a silica brick from the 
roof of an open-hearth furnace shows that there 
are three phases in the brick, viz., tridymite, or 
cristobalite, a glass phase, and magnetite. The 
magnetite occurs in dendritic crystals imbedded 
in the glass phase (Fig. 1). The glass phase is 
interstitial to the aggregates of cristobalite 
grains. 

Earl Smith reports a case in an open-hearth 
furnace where, for special reasons, reducing con- 
ditions were placed in the furnace. Under these 
conditions ‘‘as much as an inch was destroyed in 
less than five minutes.’’ Such active energetic 
destruction of a roof can be understood after ex- 
amination has been made of a thin section. 


Fic. 1.—Thin section of silica roof brick showing den- 
drites of magnetite (Fe,O,). 


The reducing conditions in the furnace change 
the Fe,;O, into FeO, which immediately dissolves 
in the highly viscous, high silica melt occupying 
the interstitial spaces between the cristobalite 
aggregates, to form fayalite molecule. Fayalite 
melts at 1200°C, while the temperature of the 
open hearth is close to 1600°C. The change in 
the composition of the interstitial liquid was so 
rapid that it is doubtful if there was any addi- 
tional cristobalite dissolved. The sudden change 
in composition of the interstitial bond with a de- 
creased viscosity and lower softening tempera- 
ture brought about rapid failure in the roof brick. 
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Similarly, if fayalite crystals are heated on 
platinum in air, they decompose to magnetite 
and cristobalite. In this case, the state of equi- 
librium was changed by a change in the state of 
oxidation. Mineralogical investigation of the 
brick supplies an explanation for this unexpected 
failure. 


(3) Lapis Lazuli Formed in Glass Tank Checker 


A high alumina brick used in a checker chamber 
of a glass tank developed a beautiful blue color. 
Microscopic examination showed that the blue 
mineral was lapis lazuli, and with it was associ- 
ated a large amount of corundum. The com- 
position of lapis lazuli or lazurite can be explained 
simply as three nepheline molecules (NaAISiO,) 
associated with one of NaeS. The alkali, without 
question, volatilized from the glass composition. 

If an excess of Na2SO, is used in glass compo- 
sitions, it rises to the top of the molten glass to 
form “‘salt water.’’ The salt water is removed 
by adding charcoal when a reaction somewhat 
as follows takes place: 


NaSO, + C + SiO, = NaSiO; + CO + SOs. 


The sulfur dioxide and the carbon monoxide 
are carried into the checker chambers where part 
of the sulfur dioxide, in conjunction with alkaline 
vapors reacting on aluminous refractory, brings 
about a new state of equilibrium with resultant 
changes in mineral composition. 


(4) Alkalis Convert Mullite to Corundum 

A No. 1 fire brick was put in a protected place 
in a glass tank well above the level of the molten 
glass and kept in this furnace over a long period 
of time. The brick was almost completely con- 
verted into corundum, the outline of the brick 
and its sharp edges being preserved. The crystals 
of corundum were of fairly large size, but the brick 
itself necessarily became quite porous or cellular. 
The core of the brick, about an inch in diameter, 
and the base of the brick on which it rested, re- 
mained unchanged mineralogically. This reac- 
tion or change in equilibrium from mullite to 
corundum was gradual and undoubtedly was 
caused by the alkaline vapors in the furnace. 
Here, we have another example of a changing 
state or an equilibrium taking place in a very 
mysterious way; the mineralogical changes, 
however, are easily followed with the petro- 
graphic microscope. 


Such changes taking place in systems are mysterious, 
but make interesting problems for the petrographer and 
are really not anomalies but a change in the state of equi- 
librium induced by a change in environment in service. 
The petrographic microscope furnished the solution to 
each of these problems, and by recognition of the mineral 
phases which developed in the system, it was possible to 
indicate the change in equilibrium. 


©) Why Mullite Refractories Are Not Produced 


Some years ago, with the development of the 
diaspore clay of Missouri, it was thought that it 
would offer a convenient means for the manu- 
facture of mullite refractories by its admixture with 
fire clay and firing at high temperatures. Micro- 
scopic examination, however, showed a nonuni- 
form product in which considerable corundum was 
found encased in mullite. Mullite developed 
around the diaspore particles and, because of the 
great insolubility of mullite in ceramic bodies, 
any further reaction between the diaspore parti- 
cles and the clay particles was prevented. 
Corundum is in equilibrium with mullite, and mul- 
lite with the more siliceous bond developed from 
clay. 


(6) Craze Lines in Flint-Clay Brick 

Microscopic examination shows that where 
flint and plastic clays possess different firing 
ranges, it is possible in manufacture to mature 
the bonding clay without having completed the 
shrinkage in the flint clay. Longer exposure of 
such a product to high temperatures, as in service, 
will bring about the further shrinkage of the flint 
clay, and the bond between the plastic clay and 
flint clay grains is destroyed, producing craze 
lines in the interior of the brick. Plastic fire clay 
often contains considerable sericite in the finely 
divided state uniformly dispersed throughout the 
clay. The potash content in the sericite serves 
to tighten or mature the plastic clay at a lower 
temperature than is otherwise possible. Micro- 
scopic examination of polished sections of fireclay 
refractories show this effect. 


IV. The Value of X-Ray 

Another tool that has proved to be of great 
service to mineralogy has been the development 
of X-ray technique in the study of minerals. The 
application of X-ray diffraction methods serves a 
two-fold purpose. The first one is for phase identi- 
fication, so that minerals can be identified by X-ray 
pattern even though the size of the mineral parti- 
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cles is so small that the petrographic microscope 
cannot be used to identify them positively. While 
the X-ray diffraction method is valuable for phase 
identification with extremely finely subdivided 
material, it is not so sensitive or applicable where 
only small amounts of these minerals are present. 
This is true, particularly in mixtures of minerals 
or where the crystallographic symmetry of the 
minerals is low. 

The X-ray analysis of minerals, however, 
furnishes the only known method for complete 
information as to the fine structure of minerals, 
that is, the size and the distribution of the atoms 
or ions within the minerals. The systematic 
application of the X-ray diffraction methods to 
silicate minerals has been but a recent develop- 
ment, since 1926. The pioneers in this develop- 
ment were Victor Goldschmidt of Oslo, Norway, 
William Lawrence Bragg of Manchester, England, 
and in this country, R. W. G. Wyckoff of the 
Geophysical Laboratory and Linus Pauling of 
Pasadena, California. 

Many of the physical properties of minerals, 
such as hardness and cleavage, can now be ex- 
plained from the information obtained by X-ray. 
By the study of single crystals and by using the 
various X-ray diffraction methods, due attention 
being paid to the intensity of the reflection 
phenomenon, valuable data can be obtained. 
The intensity of reflections from the different 
atomic planes within the mineral and the absence 
of reflection from others (extinction), together 
with the application of the crystallographic prin- 
ciples of the space-group theory form a basis for 
calculations which determine the size and distribu- 
tion of the respective atoms within the crystal. 
So well established are some of these structures, 
they are often spoken of as unique solutions. 

Such determination of the fine structure of 
minerals is in no sense hypothetical or theoretical, 
and they are not to be confused with the theoreti- 
cal structures advanced years ago by F. W. 
Clarke, or more recently by Asch and Asch, to 
explain the chemical and physical properties of 
minerals. In fact, such physical properties as 
melting point, hardness, cleavage, dielectric 
strength, and even optical properties of minerals, 
should be deducible from the fine structure as 
worked out by X-ray crystal analysis. 


V. The Structure of Crystals 
R. W. G. Wyckoff has stated clearly in his 


introduction to the second edition of his Structure 
of Crystals that “the characteristic physical 
properties of a solid depend upon two things— 
first, its atoms and their arrangement within its 
component crystals; and second, the size and 
distribution of these crystals.” 

To paraphrase in terms of ceramics, the char- 
acteristic physical properties of a ceramic product 
depend first upon the atoms and their arrangement 
within the component phases, and second, the 
amount, the size, and the distribution of these 
phases. 

It shall be of considerable importance, there- 
fore, to consider ultimately the structure and the 
physical properties of the crystalline phases 
and of the matrix bond (glass) which constitutes 
the ceramic product. 

The results obtained from the investigation of 
the fine structure of silicates by X-ray have 
great promise for the future of silicate technology. 
By the application of Pauling’s principles of the 
coérdination type of structure, many of the fine 
structures of silicate minerals have been worked 
out by investigators, chief of whom have been 
Goldschmidt, Bragg, Warren, Pauling, Zacharia- 
sen, and Gruner. I shall illustrate the results 
obtained in the determination of the structure of 
a few silicate minerals which, to me, has been one 
of the greatest and, for the most part, unexpected 
achievements of scientific mineral research. 


(1) Radius Ratio 

It is possible by X-ray crystal analysis to cal- 
culate the closest approach of two atoms in a 
crystal. This is called the radius ratio and is 
the ratio of the radius of one atom to the radius 
of an adjacent atom with which it is in contact. 
By choosing a series of salts whose structure is 
simple and is composed of two atoms only, such 
as the halogen salts of the alkali metals, it is 
possible to determine the radius ratio of the metal 
ion to the halogen ion. One is able to find the 
change in the radius ratio as the different alkali 
metals are substituted for the sodium in sodium 
chloride. 

Similarly, by taking the halogen salts of each 
of these metals, we can note the change in the 
radius ratio by substituting one of the halogen 
atoms for another, which indicates the differ- 
ence in size of the substituting atoms or ions. By 
taking an ion of large radius and combining it 
with another ion of small size and opposite charge, 
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it would be possible to bring two of the large ions 
in contact with each other and, in this way, to 
establish the ionic radius of the large ion. Know- 
ing the ionic radii of one of the ions or atoms 
would then make possible the determination of 
the ionic radii of the other ions with which it 
combines. From the value obtained for the lat- 
ter, it is possible to obtain from their compounds 
the ionic radii of other elements.* In this way, 
we can calculate the ionic radii of atoms and the 
radius ratio of these atoms where they are in 
contact. 

It also has been discovered in general that, in 
crystals made up of ions of opposite charges, 
charged ions will surround themselves with those 
of opposite charges. In crystals, we have also 
the closest packed arrangement of ions or atoms, 
so that small ions fit into the interstices between 
the larger ions. Silicon is an example of a small 
ion; oxygen is an example of a large ion. In 
structures of silicates, a positively charged silicon 
atom or ion is always surrounded by four equi- 
distant oxygen atoms. To visualize such a 
structure, each oxygen atom can be thought to 
reside at the corners of a regular tetrahedron, 
and the silicon ion fills the void between these 
four oxygen. The number of ions or atoms of 
opposite charge which surround another ion, and 
equidistant from it, is called the coérdination 
number. The coérdination number of silicon 


earth’s crust (as calculated by F. W. Clark) and 
recalculating into atomic equivalents, we find that 
for every thousand atoms present in the earth’s 
crust, 605 are oxygen atoms and 204 are silicon 
atoms; that is, nearly 810 out of every one thou- 
sand atoms in the earth’s crust are oxygen or sili- 
con. The remaining atoms are represented by 
aluminum 62, sodium 24.8, calcium 18.9, iron 
18.7, magnesia 17.7, and potassium 13.7. 


Fic. 2.—(2) (SiO,) tetrahedron; (1) and (3) (SiO,) rings. 


to oxygen is four; that is, each silicon ion is 
always surrounded by four equidistant oxygen 
ions. - The coérdination number of the atoms in 
close-packed systems is the function of the radius 
ratio, and as this radius ratio increases, as in the 
case of aluminum [a slightly larger ion than 
silicon), the coérdination number to oxygen in- 
creases to six; that is, six oxygen ions can be 
conceived as residing at the six corners of a regular 
octahedron, the aluminum atom being in the 
center of the octahedron and equally distant 
from the six oxygen atoms (Fig. 3). 

By taking the average composition of the 


Fic. 3.—(AIO,) ring. 


Since oxygen, silicon, and aluminum comprise 
more than 87% of the atoms in the earth’s crust, 
it would be desirable to consider how these ele- 
ments combine with each other to form that group 
of compounds, the silicates, so important to the 
field of ceramic technology. 


Vi. Atomic Structure of Silicates 

A table of ionic radii indicates that the glass- 
forming atoms, Si, P, B, have very small ionic 
radii; Al, Fe, Mg, and Mn, have moderately 
small ionic radii; and oxygen and fluorine have 
comparatively large ions; in fact, they are the 
largest ions ordinarily present in silicate minerals. 
The fact that the oxygen atoms are the largest and 
exceed in number the sum of all the other ions 
indicates that they must be the determining 
«ctor in.the arrangement of the constituent ions 
of the silicate minerals (Fig. 4). 


(1) Forsterite 

The coérdination number of silicon to oxygen 
is always four; that is, there is a tetrahedral 
arrangement of oxygen around the smaller silicon 
ion. Since each silicon ion has four positive 
charges, and each oxygen ion has two negative 
charges, there resides on each oxygen ion one 
unneutralized negative charge; so we say that 
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the group SiO, has four negative charges. These 

negative charges of the SiO, groups may be com- 

pensated for and the structure rendered electri- 

cally neutral by the addition of positively charged 

cations such as magnesium, aluminum, and po- 
O 8*020A 

be*"0.34A 


C) SiMOI9A 


Al*O57A 


fes*Q67A 
Mo 


0834 


180A 
Nat L00A 


Ca**105A 


Fic. 4.—Ionic radii of elements. 


tassium. Such a type of structure is illustrated 
by the mineral forsterite, which is magnesium- 
orthosilicate. This mineral, also called olivine, 
is of interest to the ceramic engineer as a new, 
neutral refractory recently introduced into the 
family of industrial minerals. We find in the 
fine structure of this mineral isolated groups 
of (SiO,)*~. Two of these island groups surround 
a magnesium ion, which neutralizes the existing 
negative charges on the oxygen ion (Fig. 5). 

It can be seen in such an arrangement that 


the coérdination number of the magnesium ion 
is six; that is, the electropositive magnesium 
ion is surrounded by six electronegative oxygen 
atoms, and that three of these oxygen ions are 
also part of one SiO, tetrahedron, and the other 
group of three are part of another (SiO,) tetra- 
hedron. The oxygen atoms are shared between 
one (SiO,) group and three MgO, groups: and as 
Bragg* says, they are the stitches which hold the 
structure together. 


102A ----- 


Fic. 5.—Ionic structure of forsterite (Bragg); 
circles, oxygen; middle-sized circles, magnesium; small 


larger 


circles, silicon; numerals indicate levels at which atoms 


appear. 


This distribution of the ions in the crystal, 
however, is spatial, and it is difficult to illustrate 
the charge distribution in a two-dimension plan. 
If we examine the model of such a structure and 
add up the electric charges on each ion, the re- 
sult would be neutral, that is, an uncharged body. 
If we examine this structure still further, we 
find that the magnesium ions occupy two differ- 
ent positions within the structure. One of these 
ions lies on a plane of symmetry. The other 
does not. It is reasonable, therefore, to expect 
that each of these ions would have different 
properties and one would be more readily dis- 
placed by a calcium ion than the other. It is 
known that this is the case, and that calcium, a 
much larger ion than magnesium, can replace 
one of the two magnesium ions without changing 
the crystal form. A crystal is formed, monti- 


?W. L. Bragg, The Structure of Silicates. 2d ed., 
1932, Leipzig. 
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Fic. 6.—Fine structureJof melilite (Warren). 


cellite, which has different properties from the 
original forsterite. The melting temperature of 
forsterite is more than 1900°C, indicating a high 
lattice energy; while monticellite has a melting 
temperature close to 1500°C, in- 


This mineral is common to blast-furnace slags, 
making up from 50 to 80% of the slag com- 
position. Melilite possesses the unusual property 
of taking sulfur into solid solution. The sulfur 
distribution between slag and metal is 50 to 1, 
that is the silicate slag dissolves fifty times 
as much sulfur as does the metal. This distribu- 
tion is rather unexpected since we know what a 
great affinity sulfur has for metals at low terhpera- 
tures. Calcium sulfide is selectively precipitated 
from the melilites crystals showing the familiar 
pflocken or shoe-peg structure. (See Fig. 6.) 


(4) Beryl 

The SiO, tetrahedra can combine in other ways 
to form ionic structures similar to Si,O;. Many 
of these, like SigO,, with six negative charges, 
with eight negative charges, and 
with twelve negative charges, are formed by com- 
bining tetrahedra and sharing corners of the tetra- 
hedron so that one oxygen is common to two 
tetrahedra. These last-mentioned polymers form 
ring-like structures, so that sharing these oxygen 
ions with two tetrahedra reduces the negative 
charges of the group. The SigOjs island group is 


dicating a lattice energy of an 
entirely different order. 


(2) Akermanite or Gehlenite 

It is possible, however, to 
reduce the ionic charges on the 
SiO, groups by having them 
combine with each other so that 
two SiO, groups share one oxy- 
gen in common; that is, the two (Sia)* 
SiO, groups become a Sig0, 
group, and in this way, the nega- 
tive charges have dropped by 
two; that is, the SigO; group has 
six negative charges. An example 
of this type of structure is fur- 
nished by akermayite or geh- 
lenite, which are the two end 
members of a continuous solid 
solution series known as melilites. 


(3) Melilites 
The structure of melilites has 
been determined by Warren.* 


* B. E. Warren, “The Structure of 
Melilite,” Z. Krist., 74, 131 (1930). 
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Fic. 7.—Compounded SiO, groups found in silicates (Bragg). 
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XO 
(Si0,)* 
Fic. 8.—Compounded SiO, groups in chains (pyroxenes) 


and double chains in amphiboles (Bragg). 


found in beryl. The Si,On, with eight negative 
charges, is found in scapolite. (See Fig. 7.) 
(5) Chain Structure 


Besides forming these island groups and island 
rings, the SiO, tetrahedra may share oxygen ions 
in such a manner that they form a continuous 
chain, each SiO, group sharing an oxygen atom 
or ion with its neighbor adjacent to it in the 
string. The two oxygens of the SiO, groups, 
not doing double duty in attaching the SiO, groups 
together, carry a negative charge for each of such 
atoms. These negative charges are neutralized 
by positive ions lying between the strings. Such 
a structure is found in pyroxene, where the chains 
of SiO, groups are parallel to the vertical axis of 
the crystal. The cleavage of the pyroxene is 
prismatic, which, as it can be seen, does not break 
the SiO, chains. (See Fig. 8.) 

The combination of SiO, groups develops a type 
of structure similar to the combination of carbon 
in organic compounds. In the silicates, however, 
two silicons cannot combine directly, but only 
through the agency of oxygen, which holds the 
silicon atoms together. 

By combining these SiO, groups by sharing of 
oxygen atoms, there is a reduction of a number of 
oxygen atoms, with a consequent reduction in 
negative charges and corresponding reductions 
in the number of electropositive metals required 
to produce an electrically neutral or stable struc- 
ture. 


This purely geometrical or coérdination con- 
ception of structure explains clearly the complex 
variation in composition found in silicates. 

It is still possible to combine these chains, and 
in the amphiboles, we find two chains held to- 
gether by sharing of oxygen ions. This type of 
structure has the general formula (Si,O,,)*~ and is 
really a double chain or a ladder. By having the 
SiO, groups combining in this way, the number of 
metallic ions necessary to make electrically neu- 
tral crystals is reduced. Furthermore, by com- 
bining these chains, not in pairs, but in a width 
extension one obtains a sheet structure in which 
each SiO, tetrahedron shares oxygen ions with 
three adjacent SiO, and only one oxygen of each 
(SiO,) group remains with the negative charge. 
Such a set of SiO, groups has the general formula 
(SisxQy0)*~, (SigOs)*~, and is characteristic of soft 
minerals such as mica or the kaolin minerals. 
(See Fig. 9.) 


(6) Cristobalite and Tridymite 

In some cases, the SiO, sheets have the one 
negatively charged oxygen ion of each of the SiO, 
pointed in the same direction and perpendicular 


Fic. 9.—Compounded SiQ, groups with sheet extension 
(Bragg). 
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to the sheet, leaving one of the surfaces of the 
(SiO,) sheets electrically neutral, the other surface 
negatively charged. In other cases, adjacent 
SiO, groups have their one charged oxygen atom 
pointed in alternately opposite direction perpen- 
dicular to the sheet structure. 

Ir the latter case, it is possible to have these 
SiO, sheets combine with other sheets sharing 
an oxygen incommon. In such a structure, each 
SiO, group shares its four oxygen atoms with 
four other SiO, groups and in so doing produces 
an: electrically neutral structure. This is the 
structure of cristobalite (Fig. 10) and tridymite 


(2) cristobal- 


Fic. 10.—(1) tridymite framework of SiO; 
ite framework of SiO, group. 


(Fig. 10). The tridymite structure possesses a 
plane of symmetry between each sheet of SiO, 
groups. 

In cristobalite, alternate SiO, sheets have been 
rotated 180° about an axis perpendicular to the 
sheet, which eliminates the plane of symmetry. 
Such structures are strongly trussed in three 
dimensions, which accounts for the remarkable 
resistance to thermal shock at higher temperatures 
and to their high viscosity at their melting 
temperatures. 


(7) Alumino-Silicates 

Aluminum is the third most abundant atom 
in the earth’s crust; and in the original igneous 
rocks, it is found combined with silica to form 
alumino-silicates such as feldspars, micas, and 
related minerals. The apparent ability of Al to 
replace Si isomorphously, as in the plagioclase 
feldspars, has been the despair of the chemically 
minded mineralogist. 


NaAlISi;O; 
CaAlSi,Os 


(albite) 

(anorthite) 
Alumino-silicates, such as feldspar, kaolin, 

mullite, mica, and cordierite, are minerals of 

considerable interest and importance to the 
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ceramic investigator and technologist, and their 
structure is worthy of consideration. The size 
of the aluminum ion is such that it generally 
possesses a coérdination number of six; that is, 
each electropositive Al ion, with three positive 
charges, is surrounded by six oxygen ions with 
two negative charges each. The AlO, group 
would then have nine negative charges. These 
(Al0¢) groups can combine with each other to 
form continuous sheet-like structures composed 
of the hexagonal rings like the (SiO,) sheets. 
Unlike the SiO, group, which shares only one 
oxygen with adjacent SiO, groups, each (A10g) 
ring shares two oxygens with adjacent octahedra, 
and when these A1lO, rings are joined together to 
form sheets, each (A10g) is joined to three other 
(A10s) rings by sharing edges of the octahedron. 

In such continuous sheets, the (A10.)°~ changes 
to (A10.)*~, owing to the fact that the six oxygen 
ions are shared in pairs with each of the three 
adjacent (A1lO.) groups, and by sharing oxygen 
the negative charges are reduced, as happened 
when SiO, groups combined. 

These (AlO¢) ringed sheets have dimensions 
nearly equal to the SiO, ringed sheets, and in 
certain alumino-silicates, the (SiO,)~' rings can 
combine with (A10,)*~, sharing oxygen and, in 
this way, compensating the negative charges of 
the (SiO,)~—' ring structure. But, since (AlO,)~* 
has three negative charges per each (AlOs) group, 
two of the negative charges in the (AlO,)—* group 
are uncompensated by combining the (SiO,) ring 
and the (AlO,) ring, and these charges are com- 
pensated by hydrogen, which form a hydroxyl 
group, thereby making the structure electrically 
neutral and stable. In Figs. 11(@) and 11(0) is 
presented the fine structure of kaolin as worked 
out by Gruner. The solid hexagonal rings are 
the sheet (SiO,)~' groups with the negatively 
charged ions, all pointing perpendicular to the 
sheet and in the same direction. These same 
oxygen atoms also become a part of the (AlOg) 
structure by being shared, in this way losing their 
negative charge. The other oxygen atoms of the 
(AlOg) sheet on the same level are not shared with 
the SiO, ring. Their negative charges are neu- 
tralized by hydrogen forming an hydroxyl group. 
The three uppermost oxygen atoms in the (AlOg) 
sheet are unshared by an (SiO,) group, and their 
resultant negative charge is neutralized by hydro- 
gen to form a hydroxyl group. The two surfaces 
of the double-sheet structure are electrically 
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O-000A Al-227A OH2BA S-0594 OHAHA 
Fic. 11(a).—Structure of kaolin (Pauling-Gruner), 


neutral, and therefore, we can have a pronounced 
cleavage between adjacent sets of the doubly 
ringed structure, especially since the atomic dis- 
tance between adjacent sheets in kaolin is greater 
(2.77A) than in any other direction in the struc- 
ture. Fine structures have been worked out for 
the kaolin minerals by Gruner‘ and for mica and 
chlorite by Pauling.’ All of these minerals are 
of the layer or sheet type of structure. 

It has been discovered by Pauling that when 
alkali metals are present aluminum can have a 
coérdination number of four; that is, the Al ion 
is surrounded by four equidistant oxygen atoms. 
This would form the group (A10,)°~, which would 
have five negative charges; whereas (SiO,)*~ 
groups have only four negative charges. (A10,) 
groups can replace SiO, groups in certain struc- 
tures. For instance, in the cristobalite type of 
structure (A10,) can replace every fourth SiQ,, 
but in so doing, there would be a negative charge 
introduced with the structure because each (A10,) 
group has five negative charges while (SiO,)‘~ 
has only four negative charges. This negative 
charge can be neutralized by adding one potassium 
ion or one sodium ion to form 


Orthoclase = K(AI0,)-3(SiO,) = KAISi;O; 


or 
Albite = Na(Al0,)-3(Si0,) = NaAlSi;O; 

These alkali metals can easily be fitted into 
the large holes between the SiOQ, groups, every 
other hole being filled with an alkali metal ion. 

J. W. Gruner, “Crystal Structure of Kaolinite,” Z. 
Krist., 83, 75 (1932). 

5 Linus Pauling, “Structure of Micas,’’ Proc. Nat. Acad. 
Sct., 16, 123 (1930); “Structure of Chlorites,”’ ébid., p, 578. 


Similarly, every other SiO, can be replaced by 
an (AlO,) group and the structure rendered 
neutral by adding two sodium atoms, as in the 
case of carnegieite or nepheline: 


Na,(Al0,) (SiO,) = NaAlSiO, 


Such replacement of (SiO,) by (A10,) brings 
about a slight distortion of the structure and the 
minerals crystallize in different systems and 
possess different physical properties. The close 
similarity in melting characteristics of orthoclase 
and cristobalite show that their structures are 
probably similar. 


Vil. Structure of Glass 


Time does not permit me to review what has 
been found out concerning the fine structure of 
glass, which is one of the phases present in ce- 
ramic bodies. 

The high silica content of glass and the fact 
that such structures are electrically neutral in- 
dicate the compensating effect of SiO, groups 
and that these groups combine to form electrically 
neutral structures in the presence of variable 
ranges of metallic ions. Goldschmidt, Zacharia- 
sen, and Warren have indicated that glasses are 
organized structures somewhat similar to high 
silica crystals but with a lower and more irregular 
type of organization. 


Vill. The Goal of Mineralogical Research 


The ultimate goal of mineralogical research does 


O 


Fic. 11(6).—Structure of kaolin showing elevation of 
parallel sheets (Pauling-Gruner). 
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not lie in the identification of a crystal phase or 
the determination of the fine structure of a mineral 
but rather in finding out its meaning. 

Rosenbusch, a distinguished German petrog- 
rapher, states “every rock is a piece of minted 
metal and every geological process affecting that 
rock has left its record on the rock.”” The 
petrographer’s task is to be able to read the 
record from the rock and to interpret it so that 
its past history is known. 

If we were wise enough and experienced enough 


we should be able similarly to interpret what is 
observed in ceramic products. Phase identi- 
fication is part of the story. The phases are the 
products of equilibrium which, in the case of 
ceramic products involve time, temperature, 
composition, and the preliminary preparation 
of the product. The record is there—can we read 
it? Can we interpret it? 


DEPARTMENT OF MINERALOGY 


THE SCRATCH-RESISTING POWER OF GLASS AND ITS MEASUREMENT* 


By James BaILey 


ABSTRACT 


Methods used by previous investigators yield valuable data but do not give the order 
of hardness of different glasses, nor do the results agree in many instances with usual 
conceptions of relative hardness. A study of the problem had indicated that the scratch 
resistance of a glass surface depends upon factors other than the mechanical strength of 
the body of the glass. An examination of used glass articles showed that the scratches 
could be divided roughly into two classes: surface abrasions and scratches produced 
by crushing the surface. The ability of one material to scratch another depends upon 
the velocity of motion and upon the refractoriness of the material forming the point. 

Preliminary work has shown that a test for the scratch-resisting power of a glass sur- 
face should test the surface as it exists upon the article. The conditions causing the 
initial rupture of the surface should be used as a measure of the scratch-resisting power 
of the particular surface. 

The method adopted for testing the surface consisted of rolling a '/;-inch diameter 
steel ball over the surface in such a manner that the pressure increased as the ball rolled 
along. The pressure at which the first conchoidal breaks occurred was used as a measure 
of the hardness. 

Natural surfaces such as those of drawn window glass vary in hardness. Fused silica 
glass has a value of 10 to 12 pounds, common window glass has values of about 25 
pounds, while some glass with a high alumina coxtent has much higher values. Ground 
and polished surfaces are softer than fire-polished surfaces on the same glass, and strained 
glass has a harder surface than the same giass in the annealed state. 

Illustrations of various types of new scratches, weathering effects along scratches, 
weathering effects in cracks and fractures, and a series of the ball tracks left in a glass 


surface by the tests are shown. 


|. Introduction 

The beauty and utility of glass articles depend 
in large measure upon an uninjured surface. 
Surface injuries, though small, dull the brilliance, 
reduce the mechanical strength, and expose the 
inner, less chemically durable layers of the glass, 
thus tending in time to accentuate the original 
injury. A variety of tests have been devised for 
studying the scratch-resisting power of glass. 
None of these tests, however, truly measures 
scratch resistance of a glass surface. 


* Presented at the Annual Meeting, American Ceramic 
Society, Columbus, Ohio, April 1, 1936 (Glass Division). 
Received July 1, 1936. 


There are two distinct kinds of surface injury. 
The first and least important may be termed a 
surface abrasion, while the second is primarily a 
crushing of the surface. The two kinds are associ- 
ated more or less closely togethet in most cases. 


ll. Surface Abrasions 

If two pieces of glass are rubbed together im- 
mediately after they have cooled from the molten 
state, it will be found that the coefficient of fric- 
tion between them is considerably greater than 
one (u > 1.0) and that a visible scratch will be 
produced even when the rubbing pressure is very 
small. Under the microscope it is seen that these 
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Fic. 1 (upper).—A scratch on a piece of Fourcault 
window glass made by the corner of another piece of the 
same glass, using heavy pressure and slow motion; note 
the loose chips caused by crushing of the point and the 
dark areas of finely ground powdered glass along the line 
of the scratch (taken with ordinary transmitted light, 


magnification 14). 
Fic. 2 (lower).—-The same scratch as in Fig. 1 taken with 


polarized light; note the strain along the sides of the 
scratch which indicate that a definite crack has been made 
in the surface of the glass (taken with polarized light, 
magnification 14x). 


scratches are confined to the surface layers. The 
material which has been removed has been ground 
to fine powder that adheres firmly to the abraded 
surface, so firmly, in fact, that it can not be 
washed off with soap and water.' 

When the rubbing surfaces contact with con- 
siderable pressure, the type of surface abrasion is 
more complex. The characteristic powdering of 
the glass is present as under light pressure but, in 
addition, a series of minute cracks is formed along 
the line of the abrasion. This type of scratch 
may materially reduce the resistance of the glass 
to breakage. 

The freshly cooled surface is short-lived. 
Washing the glass, rubbing it with the hands, or 
wiping it with a clean cloth immediately destroys 
the cohesive quality of the fresh surface and causes 
the coefficient of friction between two articles to 
drop to a very low figure. Normal weathering or 
the absorption of moisture will, in a few hours, 
produce a like result. If the articles are now 
rubbed together, considerable pressure will be 
required to start the surface injury. The same 
powdered glass will be formed along the scratch 


1 The seizing of clean glass surfaces has been discussed 
ji W. B. Hardy, “Static Friction and Lubricating Proper- 
of Certain Substances,” 
32-48 ( 1919); 
49-52; 


Phil. Mag. 38, 
“Spreading of Fluids on Glass,” bi. 


“Static Friction,” ibid., 40, [6] 201-10 (1920) 


but below it there are many embryo conchoidal 
fractures which evidence themselves by a series 
of small cracks usually at right angles to the path 
but also joining at the sides to form some longi- 
tudinal cracks. This type of scratch may seri- 
ously injure the mechanical strength. 

The speed of rubbing influences the type of 
scratch. If one piece of glass is scratched by 
drawing across it the corner of another piece, the 
contact area is small and the unit pressure is com- 
paratively high. Slow rubbing under these condi- 
tions results in an abrasion of the surface upon 
which the powdered glass is spread quite tightly, 
although considerable loose dust caused by splinter- 
ing of the glass is also formed. Figure 1 shows 
this type of scratch in ordinary light and Fig. 2 
shows the same scratch in polarized light. When 
the corner moves rapidly, the work done in over- 
coming friction easily generates sufficient heat to 
raise the temperature of the sliding corner above 
the softening point of the glass. The powder 
formed during the rapid movement is therefore 
welded together rather firmly. Moreover, it 
tends to adhere to the point more strongly than to 
the stationary piece and the powder is rolled up 
into flakes which stand up from the surface of 
the scratch like a series of small scales or feathers. 
The groove formed in the stationary piece of glass 
is usually shallow and quite wide for its depth and 
is seldom accompanied by visible cracks (see 
Figs. 3 and 4). 

Surface abrasions of this type often appear to 


Fics. 3 anp 4.—A surface abrasion on a piece of Four- 
cault window glass made by the corner of another piece 
of the same glass drawn rapidly across it. The dark 
patches are composed of partly fused finely ground glass 
compressed into scale-like flakes, some of which stand 
up from the glass surface like small feathers; they can be 
easily wiped off. The illustrations show changes in the 
character of the abrasion as the corner becomes progres- 
sively hotter (magnification 14). 
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Fic. 5.—A small piece of a ring section cut from an old 


bottle showing weathered scratches and fractures. View 
taken radially showing the outer surface (taken in 
ordinary transmitted light, magnification 14x). 


the eye to be more serious than scratches formed 
by foreign hard particles, although mechanically 
they do not, as a rule, seriously weaken the 
article. 


lll. Fusibility and Scratching Power 

The heating effect produced by energetic rub- 
bing evidences itself by a marked increase in the 
coefficient of friction shortly after the motion is 
started; the sliding corner, moreover, becomes so 
highly heated when rapidly drawn across a sheet 
of glass that it produces a streak of light readily 
visible in the dark. 

This heating effect brings into the scratching 
process a new factor, namely, the fusibility of the 
moving point. Thus a piece of quartz glass, 
though softer than ordinary window glass as 
shown by the rolling-ball test, will easily produce a 
long deeply cracked scratch in a piece of window 
glass when drawn rapidly across it because the 
rubbing corner remains hard at the temperature 
attained. A glass corner will not scratch the 
quartz slab under the same conditions because it 
softens and loses its sharpness almost at once. 
It is possible, however, to make a deep crack and 
scratch on the fused quartz with the corner of a 
piece of window glass by keeping the rubbing 
velocity at a very low figure, such as one milli- 
meter per second or less, thus confirming the 
relative softness of quartz as given in Table III. 


In this connection, it should be remembered 
that all of the common abrasives such as sand, 
corundum, silicon carbide, and emery have very 
high melting points, while diamond, the hardest of 
all, is infusible. 


IV. Weathering As 2 Commercial Factor 

All commercial glasses show much greater 
weathering or lack of chemical durability on a 
freshly cracked surface. If the surface has been 
injured either by an abrasion, a crack, or a con- 
choidal fracture, the fresh surface of the injury 
weathers much more rapidly than the original 
surface. The products of weathering when con- 
fined in the crack act like wedges tending to force 
the crack open. Strains caused by these forces 
can be seen in polarized light (see Figs. 5, 6, and 
7). Very small partial conchoidal fractures may 
thus be expanded into relatively large white clam- 
shell shaped scars often seen in bottles after they 
have been autoclaved or have been repeatedly 
steam-sterilized. The lace-like patterns assumed 
by the products of weathering are often quite 
beautiful when viewed under the microscope (see 
Fig. 8). 

An example of the manner in which shallow 
abrasions of the surface are developed by weather- 
ing is shown in Figs. 9 and 10. These occurred on 
a pressed piece of glass having 19.3% of soda. 
The “iron grain’’ roughness of the glass surface is 
shown in the illustrations, and it should be noted 


Fic. 6.—Same as Fig. 5 taken in polarized light. 
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that the scratches are not as deep as the surface 
irregularities, although the scratches appeared 
very bad to the eye. Unless weathering had de- 
veloped these scratches, most of them would be 
invisible and harmless to the gless article. All 
surface injuries are aggravated by weathering 
although, of course, the process is much slower on 
glasses having inherently good chemical dura- 
bility. 

Because of the effect of weathering, the useful 
measure of hardness, at least in some branches of 
the container field, is the ability of the material to 
resist initial surface disruption. This condition 
led us to develop the rolling-ball method of meas- 
uring hardness, rather than to use the more 
common method of scratching with a diamond. 


V. Grinding and Hardness 

Grinding experiments show that quartz glass 
and giass containing large amounts of silica and 
B,O; are the most difficult to grind. The ball test 
shows that these types are really softer than most 
other ,lasses. The reason for this is apparent if 
a fresh scratch made with a diamond is observed 
under a microscope. The scratch in quartz glass, 
once made, undergoes almost no change. The 
initial fractures do not extend nor does any 
appreciable amount of material fly out of the 
scratch. The same applies to a considerable 


Fic. 7.—Same glass as Figs. 5 and 6 but viewed 
lengthwise of the bottle and parallel to the outer surface. 
Note the heavy strains caused by weathering of the 


surface injuries. Some cord strain is shown near the 


inside surface. 


Fic. 8.—A photomicrograph of a weathered partial 
conchoidal fracture. This fracture was developed from 
a small surface injury in a soda-lime nursing bottle by 
repeated steam sterilization. Note the new curved 
crack starting at X (ordinary light, magnification 75). 


extent in the case of high B,O; glasses. With 
glasses of the conventional window-glass and 
bottle types, the initial scratch is small, but pieces 
begin to fly out of the body of the glass along the 
sides of the scratch almost at once, and this proc- 
ess continues for a period of several minutes at the 
end of which time vastly more glass has been 
loosened than was initially cracked or apparently 
injured by the scratch. The ability of a material 
to resist abrasion, as in grinding, is a measure of 
its work-absorbing power rather .than its true 
hardness. 
VI. Scratching by Crushing 

Hardness of a material depends upon its me- 
chanical properties, such as tensile strength, 
crushing strength, and Poisson's ratio. The 
hardness of metals so closely follows the tensile 
strength that tables giving the tensile strength of 
steel as a function of the Brinell hardness, the 
Shore hardness, and the Rockwell “C’’ hardness 
have been worked out substantially for the entire 
range. 

It would be natural to assume that similar tests 
on glass would give a measure of hardness. Much 
work has been done along this line, but the results 
have not been satisfactory. Steel and glass differ 
fundamentally in that steel has plasticity, while 
glass is apparently totally lacking in this property. 
When a ball is pressed against a piece of steel, as 
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Fic. 9.—Weathered scratches on the surface of a crystal 
glass roundal made of glass containing 19.3% Na,O. 
scratches very bad to the eye (taken in 


These looked 

transmitted light, magnified 12x). 

in the Brinell test, a depression is-formed. The 
material below the ball is forced downward and 
sidewise making a slightly raised ridge around the 
depression as in Fig. 11. Similarly a pointed ob- 
ject moved over a metal surface forms a groove 
with a raised edge like Fig. 12. 

When the same operations are performed on 
glass, no plastic flow takes place. W2::h light 
pressure on a ball, the surface is depressed elasti- 
cally without injury. At a certain critical pres- 
sure, a ring-shaped crack is formed similar to Fig. 
13. This is the typical conchoidal fracture well 
known to every glass inspector. It was formerly 
thought that the size of this crack depended only 
upon the mechanics of the problem. Auerbach? 


Fic. 10.—Same scratches as Fig. 9, magnified 65x. 
Note that the scratches are so shallow that they do not 


extend to the bottom of the surface irregularities caused by 
the press mold and that weathering has occurred only 
where the surface has been injured. The scratches appear 
black in transmitted light and white by reflected light. 


studied this quite carefully and more recently 
Preston*® has discussed the matter. It is now 
evident that the time of application of the ioad is 
an important factor, the load required to produce 


breaks being a complicated inverse function of the 
time, similar to that found by several investi- 
gators of the relation of strength to time.‘ 

Since there is no plastic flow, it would be sup- 
posed that any cracks formed would close up when 


the load is released, with the result that no perma- 
nent strain would be left behind in the glass. 
This is never the case so far as the author has 
been able to find. Although the crack may ap- 
pear bright and clean, there are always numerous 
fine glass chips which apparently fall into the 
crack, and upon release of the load, these chips 
hold the crack open, giving rise to permanent, very 
severe strains® (see Figs. 14, 15, and 16). 

Indeed, the strain caused by one small con- 
choidal fracture may be detected in polarized light 
to a distance of several diameters of the size of the 
fracture (note the wide band of strain in Fig. 15). 
The strain associated with cutter marks is nicely 
shown by the illustrations in an article by Milli- 
gan® (see also Fig. 22). 

A single conchoidal fracture leaves the glass 

2H. Hovestadt, Jena Glass (Everett trans.), pp. 168- 

. Macmillan & Co., 1902. 

+ F. W. Preston, “A Study of the Rupture of Glass,” 
Jour. Soc. Glass Tech., 10 [39] 234-69 (1926); Ceram. Abs., 
6 [3] 97 (1927). 

4F: W. Preston, ““The Time Factor in Testing Glass- 
ware,” Jour. Amer. Ceram. Soc., 18 [7] 220-24 (1935); 
Dr. Preston’s article contains an excellent bibliography on 
this subject. 

5 A. J. Dalladay and F. Twyman, “The Stress Condi- 
tions Surrounding a Diamond Cut in Glass,” Trans. Opt. 
Soc. [London], 23, 165 (1922). 

¢ L. H. Milligan, “Strength of Glass Containing Cracks,”’ 
Jour. Soc. Glass Tech., 13 [52] 351-60 (1929); Ceram. 
Abs., 9 [7] 516 (1930). 
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strained more or less uniformly all around the 
fracture. A series of such fractures close together 
gives a band of strain extending into the glass on 
each side of the row, yielding a strain pattern 
which has much the same appearance in polarized 
light as does the glass cutter mark (see Figs. 17 
and 18). 

When a steel ball is pressed against a flat glass 
surface the circular fracture has a diameter only 
slightly larger than the contact area of the ball. 
A '/s-inch steel ball, for instance, pressed against 
ordinary plate glass produces a fracture having a 
diameter of about 0.015 inch. This fracture 
cones outward below the surface as in Fig. 14. 


Fics. 14, 15, Anp 16.—Three views of the same con- 
choidal fracture in a piece of window glass caused by 
pressing a '/s-inch diameter steel ball against the surface; 
Fig. 14 (upper) is taken with ordinary light; Figs. 15 and 
16 (middle and lower) are taken with polarized light. 
Note the strain concentrations around the cracks in Fig. 
15 and compare with Fig. 22. In Fig. 16, note the small 
chips which have been forced into the crack, thus holding 
it open and causing the permanent strain. 


Fic. 17.—A typical cut made in window glass with a 
steel wheel glass cutter. The dark patches are places 
where the glass had “shelled” out of the surface. Note 
the side cracks or “wings” formed below the surface 
(taken in polarized light, magnification 14x). 


If the '/s-inch ball is rolled along the surface 
with a continuous motion, a whole series of partial 
conchoidal fractures is formed as in Fig. 19. It 
will be noted that the fractures are deepest in 
front of the ball and extend around until they 
meet the fracture that the ball has just passed 
over. A series of side waves are thus formed 
which constitute a more or less continuous crack. 
Except under very heavy pressure, the center 
glass is not crushed. 

It is obvious that the pressure required to 
fracture the surface decreases rapidly when the 
ball diameter is reduced. A point may be con- 
sidered as a ball whose diameter has been reduced 
almost to zero. The rounded edge of a glass 
cutter wheel or the edge of a cutting diamond 
appear blunt under the microscope. A _ hard- 
pointed object even under light pressure causes a 
scratch which is not unlike a series of very small 
conchoidal fractures except that the central por- 
tion is usually crushed and some powdering of the 
surface has occurred. 

The pressure under the wheel of a glass cutter is 
somewhat similar to that under a rolling ball 
except that the stressed region is elliptical in 
shape with considerably more side pressure and 
less pressure along the line of movement. With 
light pressures, a series of very small conchoidal 
fractures is produced with almost no crushing 
along the center. Slightly more pressure results 
in large compressive forces sidewise parallel to 
the glass surface, causing a series of flakes along 
the sides of the path. This splitting force, com- 
bined with the compressive force ‘mmediately 
under the wheel, throws the glass ahead and 
behind the wheel into a strong state of tension, 
and a vertical crack is formed. This crack is 
partly wedged open with chips so that it remains 
permanently strained (Figs. 21 and 22). A dia- 
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Fic. 18—A group of “‘ball tracks’’ made when testing the surface resistance 
to crushing a piece of double-thick window glass by the method outlined in 
this article. The track is much wider and the area of strain formed is much 
greater than that caused by a glass cutter, but the formation is somewhat 
similar. The ball moved from right to left, the pressure changing according 
to the scale on the photograph. Note the breakdowns, indicating a soft area 
near the right end, the intermediate breakdowns near the middle, and the 
differences in the pressure where final breakdowns occurred. Tests show that 
most fire-polished surfaces reveal this wide variation in resistance to crushing 
(taken with polarized light, magnification 4X). 


this kind of breakage, whereas a 
softer type will crush, without 
forming either the side wings or 
the vertical cracks. 

Inaccordance with the strength- 
time relation the two wingsand the 
vertical crack may not develop 
until some time after the wheel 
or diamond has passed over the 
glass. The crushing must, of 
course, occur at once, and the 
characteristic noise is developed 
when this takes place. 


Vil. Common Scratch 

The abrasion type of scratch 
and the cutter type represent 
the two extremes of scratches. 
Scratches from sand grains, cut- 
lery, and so forth, take interme- 
diate forms and are usually small 
when first made but are developed 
by weathering or chipping caused 
by other nearby scratches. 

Glassware, in service, is not 
likely toencounter sharpdiamonds 


mond operates in much the same manner; the 
cutting edge meets the glass along the line of 
movement, thus crushing the surface, wedging it 
apart, and forming the vertical crack. 

A fracture similar to the one shown in Fig. 21 is 
necessary for easy cutting. The harder the object 
and the sharper the scratching tool the more surely 
will this type of fracture develop. It is also 
related to the kind of glass, a brittle glass showing 


Fic. 19.—Part of the ball tracks shown in Fig. 18 
Note that the first fracture in the track is nearly round 
Succeeding fractures are generally half round. At the 
left end, where the pressure is heavy, a longitudinal crack 
at the center of the track has started to form (taken in 
ordinary light, magnification 13). 


or other materials greatly exceeding its own hard- 
ness. It requires an appreciable pressure to pro- 
duce a visible scratch in the surface of the glass, 
and the property in which we are chiefly interested 
is not the type or size of scratch produced by a 
diamond but the pressure required to disrupt the 
surface with some softer more blunt object. With 
this point of view in mind, a modification of the 
conchoidal fracture test was developed. 


Frc. 20.—Same as Fig. 19 but taken with polarized light. 
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Vill. The Rolling-Ball Test 

If a steel ball is pressed against the surface of a 
glass and the pressure is gradually increased, a 
conchoidal fracture will be formed in the glass at 
some critical pressure. A series of experiments 
conducted in this manner showed that microscopic 
fractures were formed in heavy window glass 
under a pressure of about 21 pounds applied for 
one minute, using a '/s-inch steel ball. Fractures 
visible to the naked eye required about 25 pounds, 
but pressures as high as 150 pounds could be ap- 
plied without causing more than a considerably 
deeper fracture. The experiments degenerated 
into a search with a microscope to find the small- 
est fracture, and the results were not consistent. 

Because of this experience it was thought that a 
ball rolling over the surface in a circle would cause 
no damage until a critical pressure was reached 
and that, as soon as cracking started, the disin- 
tegration of the surface would be so rapid that the 
pressure corresponding to the breakdown would 
be easily found. Probably owing to unavoidable 
vibrations or to some foreign matter getting under 
the ball, it was found that the actual result of such 
a test was much the same as with the stationary 
ball. Very small fractures were formed during 
the first 25 or 30 revolutions under loads of 12 
pounds, and the fractures increased gradually 
under the same load during succeeding revolu- 
tions. While it was possible to detect differences 
in different glasses, the results were far from 
satisfactory. 

Experience has indicated that in an apparatus 


Fic. 21.—The end view of a typical glass cutter mark 
in window glass. Note the small crack extending into 
the glass at the center of the upper edge. This crack is 
immediately below the cutter mark and is necessary for 
easy breaking (taken with ordinary light, magnifica- 
tion 


Fic. 22.—The same view as Fig. 15 but taken with 


polarized light. The strain concentration around the 
cutter mark and particularly at the bottom of the crack 
is nicely shown. The normal strain in the glass due to 
imperfect annealing is shown at each side of the picture 
(taken with polarized light, magnification 11). 


for a satisfactory test by the rolling-ball method, 
the following requirements should be met: (1) 
the glass surface should be passed over but once; 
(2) there should be no vibration; (3) side pressure 
from any cause should be avoided; (4) the pres- 
sure should be gradually and continuously in- 
creased until pronounced rupture occurs; (5) all 
parts should be readily accessible for thorough 
cleaning; and (6) only steel balls of the highest 
commercial quality, such as are used in precision- 
type ball bearings, should be used. 

All of these requirements were met with a rea- 
sonable degree of success in the following design. 


IX. Description of the Apparatus 

A recommended type of apparatus is shown in 
Fig. 23. It consists of a steel plate (i) having 
legs (2) which can be screwed to a suitable table. 
Along the center of the plate is a raised portion (3) 
which serves as a track for the sliding table (4) 
upon which rests the glass (5) to be tested. The 
table is guided along the track by suitable flanges. 
In the center of the table is a threaded web (6) 
which engages the screw (7). By turning the 
handle (8) the screw may be- rotated, thus forcing 
the carriage slowly along in the direction of the 
arrow (9). The steel ball (10) rests upon the 
glass and is forced downward by the flat hardened 
steel lever (11). At the near end is a small coni- 
cal depression into which rests the hardened 
point of the “G’’ yoke (12). The lower end of 
this yoke is drawn downward by a series of 
weights fastened to a rod (13). This arrangement 
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permits definite pressure at the end of the lever 
(11) and at the same time permits the whole 
weight-assembly to be lifted off when it is desired 
to remove the glass at the completion of a test. 
The other end of the lever (11) is secured to a yoke 
(12) at each end of which are knife edges (13) 
which bear upon hardened steel rings set into the 
guide pieces (14). After the weight assembly has 
been removed, the lever (11) can be swung up and 
over, thus exposing its polished surface for clean- 
ing and leaving the space above the glass entirely 
free of obstruction. There are three assembles (14), 
(15), and (16), the nearest one having been removed 
in the drawing for the sake of clearness. 

The pieces (14) are guided vertically in guides 
(15). They are attached to threaded shanks (16) 
that pass through threaded bushings (17) which 
are free to rotate in the base plate (1). These 
bushings are rotated hy a system of spiral gears so 
that the ends of the cross-piece (12) are always at 
an equal elevation above the base plate. This 
system is a great convenience when some of the 
glass specimens are much thicker than others, 
since it is necessary that the lever (11) be sub- 
stantially parallel to the glass surface. 

The under side of the lever (11) is ground flat 
and polished. The ball is therefore free to roll 


along the lever in any direction and no side pres- 
sure is possible. An earlier form of lever had a 
groove along which the ball rolled. It was found 
that perfect alignment of the track (3) and the 
ball groove was difficult to maintain, and side 
pressures resulted which caused an early break- 
down of the glass. A smooth flat lever avoids any 
possibility of this trouble, even when the glass 
surface is somewhat wavy. 

As the carriage is moved along, the ball will roll 
toward the right with half the speed of the car- 
riage, and the distance, LX, from the ball to the 
center line of the knife edges is continually dimin- 
ishing. 

If W = total weight acting downward at end of lever, 

L = length of lever arm of weight, 
L, = lever arm of ball, . 


Then pressure, P, will be given by the formula, 
L 


P=Wr- 

The load-carrying power of the ball varies as the 
square of the diameter. In our tests a '/sinch 
diameter ball was used. Smaller balls were diffi- 
cult to handle and unless the glass specimens were 
of uniform thickness much trouble was experienced 
in keeping the lever (11) from touching the speci- 
men. A pressure ranging from 16 to 40 pounds 
was required to cause fracture of the surface of 
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most glasses when the '/;-inch ball was used. 
Obviously much larger balls would require ex- 
cessive pressures, making necessary a heavy and 
clumsy apparatus and careful backing-up of the 
specimen to prevent breakage from bending the 
glass. 

X. Method of Testing 

In starting a test, the glass surface, the ball, and 
the under side of the lever must be scrupulously 
cleaned. The ball is placed upon the glass by 
means of a small magnet and the lever lowered 
upon it. The ball is then pushed along until 
about in the position shown in Fig. 23, and the 
load is then applied. The ball will be pressed 
against the glass with a force of about 1'/, times 
the weight. As the handle is turned, the pressure 
on the ball will gradually increase until definite 
rupture of the surface has taken place. The test 
may then be stopped and L, may be determined 
by direct measurement or by reading a scale at- 
tached to the lever arm. If L, is less than */, 
inch, the test should be repeated with the weights 
doubled. The glass may be removed and ex- 
amined under edge illumination or by any bright 
source so placed that it refiects from the fractures. 
The track of the ball is plainly visible near the 
end of the test so that the end of the track corre- 
sponding to the measured value of L, is easily 
found. Since every value of L, corresponds to a 
definite load on the ball, a double scale can be 
constructed which will read the load on the ball 
for every value of L,. 

The first part of the ball track on the glass is 
invisible. When the surface breaks, a row of 
small fractures first appears, which fractures be- 
come larger and deeper as the pressure increases. 
If, now, the double scale is placed along the ball 
track on the glass so that the proper value of L, 
on the scale corresponds to the heavy end of the 
ball track, the track may be followed backward 
along the scale until the point is found at which 
initial breakage of the surface occurred. The 
pressure on the ball corresponding to this point 
may be read directly on the pressure portion of 
the double scale. The numerical value of the 
pressure on a ‘/s-inch diameter steel ball, when 
rupture first starts, is used as an index number 
expressing the degree of resistance to injury of the 
particular glass surface. 


XI. Some Factors Affecting the Results 
Without doubt the thickness of the glass affects 


the rupture values found for any kind of glass and 
any ball diameter. Glass strips having a thick- 
ness less than half the ball diameter seem to give 
high values, but no noticeable diminution of the 
pressure required for rupturing the surface has 
been found when the glass thickness is increased 
from one to six ball diameters. 

Since the strength of glass diminishes with time, 
it would be expected that the results would be 
affected by the rate of movement of the ball over 
the glass. Experiments, however, have demon- 
strated that the difference in values of rupture, 
found when the glass is moved at the rates be- 
tween 0.3 and 4.0 millimeters per second, is negli- 
gible compared to variations caused by other fac- 
tors. The most convenient speed obtained in our 
apparatus, when the crank is turned by hand, is 
from | to 2 millimeters per second. This gives a 
rolling speed of the ball of from '/; to 1 millimeter 
per second. Since the contact area is somewhat 
less than 0.4 millimeter in diameter, the time dur- 
ing which the ball is pressing against the glass at 
any fixed spot is less than one second. No data 
showing the time-strength relation of glass at such 
short periods of stress are available for compari- 
son. 

Since the initial fracture determines the rupture 
pressure and the initial fracture is the most diffi- 
cult to see, a 10-power magnifying glass is of con- 
siderable help in locating the initial fracture. It 
has been found that results obtained when tne 
magnifying glass is used are normally somewhat 
smaller than those obtained with the naked 
eye. The difference, however, is not great 
enough to invalidate results obtained with the 
naked eye. 


Results 
Tables I, Il, and ITI list a representative series 
of results, arranged according to their index num- 
bers as found by the rolling-ball method. 


Xill. Discussion of Results 

One of the surprising things shown by this 
apparatus is the great variation in hardness of 
ordinary fire-polished surfaces. In one case the 
same track showed hardness figures of 20, 34, and 
43 as determined by the gaps where the surface 
did not break. A ground and polished surface on 
the same piece showed a maximum variation of 17 
to 19 pounds. 

It was also demonstrated that some glasses of 
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TABLE I 
CoMMERCIAL GLASSES 
Heat Index No. 
Glass Surface Thickness (in.) Treatment (range) 
1) Borosilicate Ground and polished 0.20 Annealed 16-17 
2 Pressed surface .20 1614-20 
3) '/in. plate oan (old stock) Ground and polished .261 21-23 
4) Bottle glass (inside) Original surface 19 av 21-22 
(outside .19 av 23-27 
(5) Fourcault sheet Original fire-polished surface .09 25-28 
6 Welder’s glass Fine ground and fire polished .25 284-30 
7) Microscope slide As supplied 04 29-34 
8) Dense barium crown Ground and polished .62 33 
9 Colburn process sheet Natural fire-polished surface .12 = 31-33 
(10) Special crown goggle glasses oil-hardened Ground and polished (concave 
side) .14 Strained 47 
(convex side) .191 Very heavy strain 42 
(11) Glass containing about 20% Al.O; Pressed surface .16 Strained 71-9 
Tass II cheaply, and commercial precision-type balls are 
EXPERIMENTAL Gussens accurately held to size. 
Glass Surface bey tps es (2) Each test gives a definite result and requires 
(1) 85D Ground and polished 0.45 Annealed 15-16 buta few minutes. 
fire-polished The disadvantage is that a piece of glass about 
(2) 09D Ground and polished 76 17-19 one inch wide by one and one-half inches long is 
Fire-polished surface 76 20-43 
(3) 09A Ground and polished 15-16 required and comparative tests for the purpose of 
Original fire-polished the study of composition require a ground and 
surface .29 19-27 


APPROXIMATE COMPOSITION OF ABOVE GLASSES 


polished surface. 
XIV. Summary 


Since any break in a glass surface is developed 
by subsequent weathering it has been concluded 
that the scratch-resisting power of a glass surface 
should be determined by its ability to withstand 


Taste III 
OTHER MATERIALS 


85D O9A 09D 

SiO, 68.5 73.1 67.5 
R,O; 6.4 0.7 6.6 
CaO 8.7 11.3 11.2 
Na,O 16.4 14.9 14.7 
Test Material 

1 Fused quartz 

2 

3 

4 

5 

6 

7 Agate mortar 

8 

9 Ordinary quartz rock 
10 Quartz crystal parallel to ‘‘C’’ axis 


the borosilicate type, which are extremely difficult 
to cut with a glass cutter, will show surface cracks 
at lower pressures than glasses of the window-glass 
types which cut easily. 

The data taken are far from complete. Our 
results, thus far, indicate that the results are in 
the same order as the scratch hardness found by 
rubbing the glass very slowly together. 

The advantages of this test are as follows: 

(1) The ball may be replaced at any time with- 
out altering the test result. The balls are so hard 
relative to the glass that they are not injured by a 
reasonable number of tests. Being a standard 
article of commerce, the balls can be purchased 


Natural fire polish 


Ground and polished 


Index Number 


10.5 


Surface 


Reground and repolished 9.7 
8.9 
Ground and polished 23.4 
27.0 
27.0 

8.8 


initial rupture. The mechanics of disrupting a 
glass surface have been discussed. An apparatus 
of the rolling-ball type for finding the pressure at 
which a steel ball first makes conchoidal fractures 
in the surface of a sample of glass has been de- 
scribed and certain results have been given. A 
wide variation in the hardness of different parts of 
the same fire-polished surface was found. 
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MECHANICS OF ENAMEL ADHERENCE: Xill, A REVIEW OF THE THEORETICAL 
EXPLANATIONS FOR FORMATION OF METAL PARTICLES IN “COBALT” 
GROUND COATS AND SOME PERTINENT EXPERIMENTS* 


By R. M. 


ABSTRACT 
Luther’s rule has been suggested to explain the action of FeO, or its solid solutions 


with oxygen, in forming both Fe and Fe;Q,. 


The theories of Ebell and others have also 


been reviewed. An X-ray analysis of previously fired “cobalt” ground coat and a pho- 
tomicrograph of an iron-oxide enamel are given. 


1. Introduction 

In several of the preceding articles’ in this series, 
the precipitation of iron, cobalt, and nickel at the 
enamel-metal interface of a sheet-steel ground coat 
containing cobalt and nickel oxides has been es- 
tablished. X-ray tests from magnetic concentra- 
tions have shown that iron is always present. 
Cobalt and nickel are also present if the concen- 
tration of the cobalt and nickel in the enamel is 
sufficiently high. The amount of metal precipi- 
tated is more pronounced if higher than normal 
firing temperatures and a thick enamel layer are 
used. 

Several explanations for the formation of these 
precipitates have been suggested.” 

Kautz’ confirms the claims that a-iron is found 
in normally fired ‘‘cobalt” ground coats, but 
designates it as secondary a-iron formed by de- 


* Presented at the Annual Meeting, American Ceramic 
Society, Columbus, Ohio, March 31, 1936 (Enamel Di- 
vision). 

1A partial list of references to the series of papers on 
““Mechanics of Enamel Adherence”’ is as follows: 

(a) G. H. Spencer-Strong and R. M. King, “V, A Study 
of Enamel-Metal Contact Zones by Chemical Methods,” 
Jour. Amer. Ceram. Soc., 15 [9] 480-83 (1932). 

(b) Karl Schwartzwalder and R. M. King, “VI, A 
Petrographic, Metallographic, and X-Ray Study of 
Enamel-Metal Contact Zones,” ibid., pp. 483-86. 

(c) G. H. Spencer-Strong, J. O. Lord, and R. M. King, 

“VII, Further Studies of Enamel-Metal Contact Zones by 
Microscopic and Metallographic Methods,” ibid., pp. 486- 


4) R. M. King, “VIII (B) in Firing Enamels 
under Reduced Pressures,” ibid., 16 [5] 232-38 (1933). 

(e) G. H. Spencer-Strong and RK M. King, “IX, Equi- 
librium Studies in Some Systems of Enamel Glass and 
Cobalt, Nickel, and Iron Oxides,”’ sbid., 17 [7] 208-14 
(1934). 

(f) R. M. King, ““X, The ‘Iron Oxide Layer’ in Sheet- 
Steel Ground Coats,” ibid., pp. 215-19. 

? (a) Adolf Dietzel, ‘“The Explanation of the Problem of 
Sheet-Iron Enamel Adherence,” Sprechsaal, 68 [4] 53-56 
(1935); for abstract of the series of articles, see Ceram. 
Abs., 14 [5] 107 (1935). 

(b) See footnote 1 (¢). 

(c) H. F. Staley, ‘Electrolytic Reactions in Vitreous 
Enamels and Their Relation to Adherence of Enamels to 
Steel,” Jour. Amer. Ceram. Soc., 17 [6] 163-67 (1934). 

* Karl Kautz, “Further Data on Enamel Adherence,” 
ibid., 19 [4] 93-108 (1936). 


composition of scale, residual iron from scale, or 
pieces isolated from the base by action of the 
enamel. Figure 1 shows such isolated particles 
and also marked dendrite precipitation. Appar- 
ently much more severe action than normal firing 
is necessary to break particles from the iron base. 

A principle of inorganic chemistry known as 
Luther’s rule* is of interest in this connection: 
‘‘When compounds intermediate in a state of oxi- 
dation decompose spontaneously into higher and 
lower states they are more powerful oxidizing 
agents than the higher compounds and more 
powerful reducing agents than the lower com- 
pounds.”” Luther has shown that this holds for 
many familiar chemical reactions. If it applies 
to the decomposition of the ferrous phase, it 
should be helpful in explaining the formation of 
a-iron in the “cobalt’’ ground coat. According 
to this rule, FeO or the ferrous phase should be an 
oxidizing agent powerful enough to oxidize FeO 
and a reducing agent powerful enough to reduce 
FeO, that is, FeO may reduce and oxidize 
itself. 

Engler® has studied phenomena which he calls 
autoxidation reactions in which the oxygen of the 
air oxidizes substances in aqueous solution when 
another oxidation takes place at the same time. 
For example, KI is not oxidized to iodine unless 
turpentine is simultaneously oxidized. He terms 
the turpentine as an autoxidator and the KI the 
acceptor. Van’t Hoff and Jorissen* have shown 
that the oxygen is shared equally between the two 
substances. Sometimes an unoxidized portion of 
the autoxidator may act as the acceptor. 


*R. Luther, “The Electromotive Behavior of Elements 
with Several Stages of Oxidation: MII,” Z. physik. 
Chem., 36 [4] 385-404 (1901); see also F. Ephraim, Inor- 
ganic Chemistry, p. 337. Guerney and Jackson, London, 
1934. 
* C. Engler, ““On the Activity of Acid Materials,” Ber. 
deut. chem. Ges., 33, 1097-1111 (1900). 

* F. Ephraim, Inorganic Chemistry, p. 350. Guerney 
and Jackson, London, 1934. 


| 
53 3 


Fic. 1.—25% cobalt-oxide enamel (400X), heated 30 
minutes in iron crucible (Spencer-Strong). 


Another possible explanation of the precipita- 
tion of metals from lasses should not be over- 
looked. This is the solution of the metal as metal 
atoms and subsequent precipitation. Ebell’ found 
that, on chilling, glass containing metallic copper is 


7 (a) Ebell, Dingler’s Polytech. Jour., 213, 53 ff. (1874); 
(b) see also L. Jatschewsky, Verhandl. Russ. Akad. Ges., 
37, 57; Z. Krist., 34, 700 (1901); (c) Jerome Alexander, 
Colloid Chemistry, Vol. I, p. 693. Chemical Publish- 
ing Co., New York, 1926. 
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colorless. He therefore concluded that the true 
metal solution must be colorless. As the glass was 
gradually heated, the copper “‘condensed’’ into 
flakes from its saturated solution in the glass. He 
also concluded that a similar phenomenon oc- 
curred when glass was colored with silver. 

Others* have explained the precipitation of sil- 
ver in glass in various ways: (a) the silver first 
goes into the glass as oxide but is reduced to metal, 
presumably by the glass, and finally appears in the 
chilled glass as a colloidal dispersion; and (5) 
silver is produced by a typical exchange (zeolite) 
reaction with other ions in the glass. 

When attempting to explain the causes of the 
phenomena observed in these studies, the follow- 
ing points should be kept in mind: (1) In drawing 
analogies from the chemistry of aqueous solutions 
or from phase-equilibria relationships, it is as- 
sumed that the enamel phase does not materially 
influence the phenomena taking place, and (2) the 
presence of cobalt oxide in the enamel profoundly 
influences the reactions taking place, but the rdle 
it plays is not yet known. 


ll. Experimental 

(1) X-Ray Analysis of a Commercial “Cobalt” 

| Coat 

A concentrate was made from an enamel broken 
from a commercially fired commercial “‘cobalt”’ 
ground coat; s-tetrabromoethane (sp. gr. 2.96), 
being more suitable for such concentrations, was 
used in thiscase. Table I gives the X-ray data. 


Tasce I 
Line d/n Face ae Phase 
1 2.5445 311 8.439 Fe;0, 
2 2.1576 200 4.310 FeO 
3 2.1020 400 8.408 Fe,0, 
4 2.0000 110 2.836 Fe 
5 1.6127 333 8.380 Fe;O, 
6 1.5196 220 4.297 FeO 
7 1.3193 620 8.344 Fe;O, 
8 1.2763 533 8.369 Fe;O, 
9 1.0915 553 8.384 Fe;0, 
10 1.0494 800 8.395 Fe;O, 
ll 0.9884 822 8.387 Fe;O, 
0.9884 331 4.308 FeO 
12 0.9646 555 8.354 Fe;0, 
0.9646 420 4.313 FeO 
(FesQ,) 8.382 8.37-8.41 
Average (FeO) 4.307 Accepted a 4.204 
(Fe) 2.836 2.861 


Nors: It is possible that some of the lower values for 
Fe;O, indicate in reality cobalt ferrite, CoO-Fe:O; (a@ = 
8.36); also that the 2.836 value for Fe indicates a cobalt- 
iron alloy. Furthermore, it is possible that the 111 line 
for cobalt appears along with the 110 line for iron; these 
lines were hard to distinguish on the film. 


* R. Zsigmondy, see footnote 7 (c). 
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Thus, FesQ,, FeO, and Fe, all the alleged prod- 
ucts of the decomposition of the “‘ferrous phase,”’ 
are found in the enamel. This lends confirma- 
tion to the suggestion that the presence of a- 
iron is due to the simultaneous oxidation and re- 
duction of the FeO phase. 


(2) Metallographic Study of lron-Oxide Enamel 

A sheet-steel ground coat minus the adhering 
oxides was fired in vacuo on a steel test piece. The 
enamel was clear, slightly greenish in color, and 


Fic. 2.—FesO, enamel (545X). 


free from cracks. The steel could be seen through 
the enamel, and no scale or oxide was visible 
either on the steel surface or in the enamel. 

The surface of the enamel was covered with a 


thick layer (about '/s inch) of magnetic oxide of 
iron and the whole was refired at 1700°F for 5 
minutes under normal atmospheric conditions. 
Figure 2, a photomicrograph of a section of this 
piece, shows the metallic particles present, which 
are justifiably assumed to be iron. 

These particles could not be caused by residual 
scale as there was no residual scale. It is im- 
probable that they have been isolated by the ac- 
tion of the enamel, as in this case all particles 
would remain close to the iron. In all probability 
they are formed by the decomposition of the 
“ferrous phase,” or the simultaneous oxidation 
and reduction of the “ferrous phase.’’ Cobalt 
oxide may act as an ‘‘autoxidator’’ to this reac- 
tion. 

It will be recalled that nickel oxide is also 
effective in imparting adherence to ground coats. 
It is generally agreed, however, that much more 
of it is required than of cobalt oxide to obtain de- 
sired results. Apparently iron oxide is also effec- 
tive, at least in producing metallic precipitates, 
but a still greater amount is required. 


Summary 


An X-ray analysis of a commercial cobalt 
ground coat shows that Fe, FeO, and Fe;O, are 
present. 

A photomicrograph of a special iron-oxide 
enamel indicates the precipitation of iron at the 
interface. 
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THE DEVELOPMENT OF A SUCCESSFUL PERIODIC HUMIDITY DRIER 
FOR GROGGED WARE* 


By C. GERBER 


ABSTRACT 
A series of humidity drying tests were conducted in a commercial-size test drier, 


which resulted in an efficient seventy-two hour schedule. 
The drier and its operation are described. 


fireclay grog ware. 


|. Introduction 

The drying of large grogged ware has always 
involved a considerable risk. To keep drying 
loss at a minimum, the common practice has been 
to dry this class of ware very slowly. This pro- 
longs the manufacturing cycle, increases costs, 
and retards deliveries. The purpose of this in- 
vestigation was to shorten the drying time and 
also to reduce drying loss. Basically, the prob- 
lem was one of finding the most favorable co- 
ordination of time, temperature, atmosphere, and 
circulation. In addition, it was necessary to de- 
sign a drier capable of giving the proper combina- 
tion of these factors. 

The shapes to be dried included (1) high-back 
kitchen sinks, (2) laundry trays of several sizes 
and shapes, (3) urinal stalls, (4) various styles of 
combination fixtures, and (5) special hospital 
pieces and bathtubs, the weights ranging from 
120 to 500 pounds each. A considerable varia- 
tion of wall thickness was found in this assort- 
ment of ware, but the average thickness was ap- 
proximately 1*/, inches. With some pieces, the 
corners and edges were round and in others they 
were quite sharp. The moisture content of the 
ware, when placed in the drier, averaged 15%. 
Some pieces had been pressed, but the majority 
were cast. 

The body used was composed of about 65% 
clay and 35% grog. The clays used were New 
Jersey clays from Middlesex County, 50% of 
which could be classified as fairly plastic. The 
grog was prepared from ordinary broken saggers 
that were ground and screened to a maximum 
particle size of 10-mesh. 


ll. Previous Drying Methods 
Practically all drying was done by the “room 
drier’ method. The ware was picked up from 
the casting floor, partially dried, and moved to so- 
called room driers where it remained from ten 
*A thesis presented for the professional degree of 


Ceramic Engineer, Ohio State University, Columbus, 
Ohio, 1936. Received July 29, 1936. 


56 


The tests were made on heavy 


days to three weeks depending upon the size and 
thickness of the piece. To all intents and pur- 
poses, the ware was simply placed in a warm room 
in which the only factor subject to control was 
that of temperature, circulation and humidity 
having been left entirely out of consideration. 


A few years ago, a commercial three-track con- 
tinuous humidity drier was installed in this plant, 
equipped with automatic temperature and hu- 
midity control. Facilities for water-spray hu- 
midification were provided at the entrance end, 
and horizontal cross-circulation was obtained by 
means of large fans mounted in recesses in the 
sides of the drier. Heat originally was provided 
by means of steam coils in the sides of the drier; 
this was augmented later by auxiliary coils lying 
on the floor under the cars. From an engineering 
viewpoint, the drier left much to be desired, and 
from an operating point of view it was a failure. 
Certain shapes could not be dried safely, and every 
piece of ware passing through it had to be covered 
completely with burlap bags. The margin of 
safety was entirely inadequate. With this gen- 
eral background, this work was started to develop 
a satisfactory and practical drier. 


Ill. Equipment Used 

It was decided that, before designing and erect- 
ing a permanent factory drier, experiments would 
be conducted in an experimental drier of sufficient 
size to insure success when the results were in- 
corporated in a larger unit. Operation was to be 
periodic rather than continuous, and the source 
of heat was to be located as close as practicable to 
the ware itself so that it would not be necessary 
to utilize large volumes of air to transfer heat to 
the ware. Circulation was to be vertical, from 
bottom to top. The original plan was to dry the 
ware in forty-eight hours at the most, and the 
ware was to be charged just as soon as it could be 
safely handled. 

Inside measurements of the drier chamber used 
were as follows: length, 45 feet; width, 5 feet 4 
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inches; height from the track to the ceiling, 5 feet 
5 inches. The wall and ceiling construction is 
shown in Fig. 1. The heating coil was placed 
underneath the tracks. 

The desired humidity of the drier atmosphere 
in different tests was obtained by introducing 
steam, humid air from an air conditioner, or by 
the evaporation of water from the ware. 

Throughout all of the tests, of which there was 
a total of more than one hundred, there was al- 
ways a bottom air-distributing flue below the 
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coil and an upper collecting flue over the ware. 
The size, location, and design of these flues were 
changed a number of times before completion of 
the tests. 

The problem of air circulation was also attacked 
in various ways. Fans of various capacities were 
used in some tests, and in others no fan whatso- 
ever was used. At other times, in an attempt to 
raise the efficiency of the unit, various degrees of 
air recirculation were tried. 

The drier was equipped with a Foxboro auto- 
matic recording temperature controller (serial 
A-12279), range 50° to 220°F. This instrument 
has two elements which permit the control of the 
dry- and wet-bulb temperatures. The instru- 
ment was set manually each hour. The location 
of the control elements in the drier was varied 
throughout the tests. 


IV. Test Procedure 

Every test was run with six cars of regular pro- 
duction ware. The total weight of ware to be 
dried averaged 4200 pounds. A complete record 
was kept of the exact load of each car and of the 
drying defects or lack of them observed on each 
piece at the end of the run. To detect defects, 
the entire outside surface of every piece was care- 
fully sponged with water containing a small 
amount of glycerine. 


Readings of ordinary dry- and wet-bulb ther- 
mometers were taken by observations through a 
15- by 15-inch glass door at the middle of the 
drier and through smaller openings at the front 
and back end. Hourly observations were made 
and recorded of the wet- and dry-bulb tempera- 
tures in the front, middle, and back of the drier, 
of the progressive shrinkage of the body in the 
drier, and of the progressive loss of weight of a 
piece of ware in the drier, and from the tempera- 
tures relative humidity was determined for each 
pair of wet- and dry-bulb readings and recorded. 

The progress of shrinkage in the ware was de- 
termined by hourly measurements made on a 
piece opposite the window in the middle of the 
drier. Hourly loss of weight was noted by plac- 
ing a piece on a special frame suspended from a 
spring balance. Clay temperatures were taken 
by reading a stem thermometer, the bulb of which 
had been inserted directly into the walls of a piece 
of ware. 

Although the volume of air passing through the 
drier was always small in the final tests, it was 
found necessary to regulate it. These circulation 
adjustments were recorded by noting the areas of 
the opening permitting entrance of air to the 
drier and of the opening permitting discharge of 
air from the drier. In addition, some attempt 
was made to balance the vertical movement from 
end to end of the drier by means of anemometer 
readings taken in the openings of the distributing 
flue. 

In these investigations, some data were taken 
on steam consumption by weighing the conden- 
sate from the coil every hour. Unfortunately 
the supply of steam to the coil was not uniformly 
dry, so the information obtained was not com- 
pletely reliable. 


V. Review of Tests 

Many kinds and combinations of time, tempera- 
ture, and humidity schedules were tried out, and 
with various kinds of equipment. A detailed 
description of each would be voluminous, but a 
number of interesting observations were made be- 
fore arriving at a definite schedule. 

The original plan was to introduce no outside 
humidity, but rather to provide humidity by 
evaporation of water from the ware itself. This 
obviously was not practical. A group of tests 
was run on this basis, and in no case was it pos- 
sible to attain 70% relative humidity with the 
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dry bulb at a maximum of 95°F in less than 19 
hours, which was far too slow. Evaporation 
from the ware was not able to keep abreast of the 
application of heat, and the result was a constant 
lag between the wet- and dry-bulb temperatures. 
Furthermore, evaporation from the ware was 
cooling to the ware itself during the warming-up 
period. 

It was seen then that outside humidity had to 
be introduced, and to provide this the drier was 
equipped with an air-conditioner’ which was a 
rectangular steel chamber about 2'/, feet high by 
20 inches wide by 4 feet long. A 6-inch water 
bath lay in the bottom of the conditioner. From 
it, a small electric centrifugal pump delivered a 
constant stream of water to a perforated false top 
from which the water trickled down over closely 
staggered baffles extending from side to side for a 
distance of about 2 feet. In all of these tests, an 
exhaust or collecting flue attached to the ceiling of 
the drier throughout its length discharged at the 
middle into a box mounted on the top of the drier. 
A fan and sheet-iron flue connected this box to 
one end of the conditioner which was mounted 
on the ground. A smaller fan pulled humid air 
directly from the conditioner and delivered it into 
a distributing flue beneath the heating coil. With 
this arrangement, it was obviously possible to re- 
circulate the air in the drier. Another feature of 
these tests was the insertion of two sections of 
“‘Aerofin’’ heating coils into the recirculating sys- 
tem to take care of the early stages of heating. 

The performance of the conditioner itself was 
satisfactory. When the relative humidity was 


1 Designed by the Bentz Engineering Company. 


below that desired, a valve to a steam-heating 
coil lying in the water bath would automatically 
open, and the water would immediately become 
hotter, thus increasing evaporation to the passing 
stream of air. It was felt, however, that the use 
of an air conditioner for a large drier would be 
rather costly, and, furthermore, it was decided not 
to use mechanical circulation of air. 

Earlier in this work, it was thought that hu- 
midification by means of steam blown directly 
into the drying chamber would not be practicable 
because sufficient steam to provide a relative 
humidity of about 90% at 95°F would also send 
the dry-bulb temperature up higher than was safe 
for the ware. This theory was disproved, and 
steam was successfully used. It was admitted 
through a */,-inch pipe with '/s-inch holes drilled 
into it every 12 inches. This pipe was placed on 
the heating coil throughout the length of the drier 
with the holes pointing downward. 


VI. Final Design of Drier 

The drier which was evolved from these tests 
had a sheet-metal distributing flue 18 inches wide 
by 12 inches deep, which was placed 5 inches be- 
low the heating coil. It extended from end to 
end of the drier, and had 13 adjustable openings 
in the top which were evenly spaced. The flue 
connected to the outside at the middle of the 
drier by means of a cross-flue, the end of which 
was provided with a damper. The exhaust or 
collecting flue likewise ran from end to end in the 
middle of the ceiling and measured 12 inches 
wide and 9 inches deep at each end, expanding to 
23 inches wide and 15 inches deep in the middle, 
where it discharged through the roof into a box 
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measuring 24 by 14 by 30 inches. The discharge 
from this box was adjustable. The exhaust flue 
had thirteen evenly spaced adjustable openings. 
Because of the slight circulation in the drier, exact 
control of the area of these openings was found 
to be unimportant. 

A definite 72-hour schedule was established 
which repeatedly dried the heaviest pieces with 
success. After completion of the tests, this drier 
was used commercially for more than a year for 
ware that was to be hurried through production. 
Figure 2 shows all instrument and circulation 
settings for this schedule and all observations 
taken. 

In operating the drier at this final schedule, 
steam for humidification was taken from the high- 
pressure (100-pound) supply in order to make the 
humidification as instantaneous as possible. For 
heating, best results were obtained with a steam 
pressure of 15 pounds or less; hence the supply 
to the coil was passed through a diaphragm pres- 
sure reducer. 


Vil. Discussion of Drying Theories 

In general, the aim in setting up the final sched- 
ule was to establish a preliminary period in which 
there would be a maximum heating of the ware 
itself with a minimum loss of weight. This ex- 
tended over a period of about 21 hours, after 
which time drying was permitted to take place, 
as much by lowering the humidity as by raising 
the temperature. In fact, during a middle pe- 
riod of roughly 16 hours, in which the majority of 
the water came off, the heat applied seemed just 
adequate to compensate for the cooling due to 
evaporation, making it possible for the bulk of 
the water to be removed without setting up dan- 
gerous shrinkage and water concentration gradi- 
ents from the center to the surface. 

This drier differed from practically all of the 
commercial humidity driers in that it employed 
very mild circulation. It is entirely possible, de- 
pending upon the rate of travel of the moisture 
from the center to the surface and upon the thick- 
ness of the sections, that both strong and mild 
circulation have their place. For grogged ware, 
however, a mild circulation of air is favored. In 


general it is believed, particularly where there is 
a risk in drying, that a strong circulation of air 
should not be employed until it has been proved 
beyond doubt that slow moving currents of air, 
adequately baffled and operating under favorable 
conditions of humidity and temperature, will not 
do the work. It should be remembered too that 
strong circulation means larger initial investment 
in fans and motors, added constant expense of 
power, and, in many instances, that special covers 
must be used on rims and edges for the protection 
of ware. 

A corollary of mild circulation obviously is 
application of heat at a point as close as possible 
to the ware consistent with safety. Various 
methods of baffling both heat and air were tried, 
but it was found in these studies that the deck of 
the car together with the necessary wooden slatted 
pallets under each piece were sufficient. 


Vill. Conclusions 

The performance of this drier through a long 
series of tests, in which a wide variety of ware was 
tried out, demonstrated that it will dry both rap- 
idly and safely. 

With uniform ware going into it, there is no 
doubt but that the drying time may be success- 
fully shortened from 72 hours to 60 hours. Dur- 
ing the time when the drier was used commer- 
cially, the ware charge was doubled by fitting the 
cars with an upper deck, the ware on the upper 
deck just clearing the exhaust flue. In other 
words, using the same+72-hour schedule, a double 
amount of ware was dried successfully. 

In a drier of this length, it would be preferable 
to have three short heating coils rather than one 
long one. The temperature variations within the 
drier would be lessened. In such a set-up, the 
automatic valve actuated by the dry-bulb control 
element would be connected to a manifold from 
which steam would be distributed to each of the 
smaller coils simultaneously. 

Completely automatic, cam-operated control 
would undoubtedly have facilitated smoother 
temperature regulation and improved the func- 
tioning of this drier. 

Generac Ceramics ComPaNy 
MervucHen, New Jersey 


THE EFFECT OF ZrO: AND TiO. UPON THE RESISTANCE TO CRAZING OF 
A TYPICAL GLAZE FOR SEMIVITREOUS DINNERWARE* 


By J. W. HEPPLewHITe 


ABSTRACT 


The results of additions of ZrO, and TiO, to a typical glaze for semivitreous dinner- 
ware are given with reference to the resistance to crazing, color, and texture of the re- 


sulting glazes. 


|. Introduction 


During the past two years, attention has been 
directed to the beneficial effects of zirconium 
oxide in glasses, glazes, and enamels. 

Since the control of crazing of glazes on semi- 
vitreous dinnerware bodies is of paramount im- 
portance, it was decided to study the effect of 
some zirconium compounds as well as titanium 
dioxide upon a typical semivitreous dinnerware 
glaze. 

Studies were made on “Opax,’’ a processed 
zirconium oxide, and on “‘milled zircon,’’ a finely 
milled refined zirconium silicate.’ 

The molecular composition of the typical semi- 
vitreous glaze (G-189) used was as designated 
below: 


Molecular Formula 
Frit 


0.046 K,O ) 


.071 | 


0.088 ALO; { 4 991 sio, 


.774 CaO .667 
.107 PbO 


0.998 


Glaze 


0.081 K,O ) 
.101 Na,O 
.437 CaO 
.250 PbO 
.130 ZnO 


0.999 


0.270 Al,O; 


"310 BO, 2.571 SiO, 


The glaze compositions were as follows: 


* A thesis presented for the professional degree of 
Ceramic Engineer, Ohio State University, Columbus, 
Ohio, 1936. Received September 10, 1936. 

1 (a) C. J. Kinzie and C. H. Commons, “The Effect of 
Zirconium Oxide in Glasses, Glazes, and Enamels,’”’ Jour. 
Amer. Ceram. Soc., 17 [10] 283-87 (1934). 

(6) William Horak and Donald E. Sharp, “‘Note on the 
Effect of Zirconia on the Chemical Durability of Some 
Borosilicate Glasses,” ibid., 18 [9] 281-82 (1935). 

(c) William Horak and Donald E. Sharp, “‘Note on the 
Influence of Zirconia on the Elasticity of Some Soda-Lime 
Glasses,”’ ibid., pp. 282-84. 

2 These products were obtained from the Titanium 
Alloy Manufacturing Co., Niagara Falls, N. Y. 


60 


Glaze No. Composition 
G-189 Base glaze 
Base glaze + 2% “Opax”’ 
G—266 
G—267 10% 
G-—268 3% “milled zircon” 
G—269 8% 
G-270 12% 
G-271 2% TiO: 
G-272 
G-—273 12% 


These glazes were milled and applied by an ex- 
perienced dipper. The specific gravities of the 
glazes after the dipper adjusted them to the proper 
dipping weight were as follows: 


Glaze No. Specific gravity Glaze No. Specific gravity 
G-—189 1.53 G—269 1.55 
G-—265 1.59 G-270 1.56 
G-266 1.65 G—271 1.50 
G—267 1.64 G-272 1.45 
G-268- 1.54 G-273 1.43 


The dipped specimens, 10 pieces in each series, 
were fired on the same car in a tunnel kiln receiv- 
ing a heat treatment ranging from cone 5 just 
started, to cone 5 one-fourth down. 


ll. Experimental Procedure 

The semivitreous body to which these glazes 
was applied was a high ball-clay type of ivory 
body of the following composition: Kentucky ball 
clay 10.54%, Tennessee ball clay 19.36%, English 
china clay 14.99%, North Carolina clay 7.70%, 
North Carolina potash feldspar 11.14%, and 
flint 36.27%. 

The usual 7-inch dinner plates were obtained 
from the work of one jiggerman for that particu- 
lar day and biscuited at cone 9 nearly touching, 
with an average absorption of 8.64%. 

lll. Texture and Color of the Glazes 
“‘Opax”’ Series 

G-265 (2% ‘“‘Opax’’) glaze is a shade whiter than base 
glaze G—189. 

G-—266 (6% “Opax’’) renders enough opacity and suitable 
texture to be utilized as a white glaze for covering an 
ivory body. An inference may be deduced that 4 to 
6% “Opax”’ added to this typical clear semivitreous 
glaze may yield a marketable white product. 

G—267 (10% “Opax”’) is a pronounced white mat glaze, 


with a tendency to “curtain” on the back of the outer 
rim of the plates, #.¢., the glaze has become viscous. 
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Effect of ZrO, and TiO, upon Crazing Resistance of a Semivitreous Glaze 


“Milled Zircon” Series 
G-268 (3% “milled zircon”) is a trifle whiter than the 
base G—189 


G-—269 (8% “milled zircon’’) is a trifle whiter than the 
base glaze G-189 but not much more so than G—268. 
G-270 (12% “milled zircon’’) approximates a white color 

with a tendency to an enamel finish. 


Titanium Dioxide Series 


G-271 (2% TiO.) is approximately the same color as base 
glaze G-189, on an ivory body. 

G—272 (7% TiO.) is a rather pleasing yellow, exhibiting 
some increased viscosity and pinholing of the glaze. 

G-—273 (12% TiO.) is mat yellow containing pinholes and 
further increase in viscosity as compared with G—272. 


IV. Crazing Resistance 

The test selected was that of autoclave treat- 
ment for three hours at 100 pounds per square 
inch steam pressure. There was a rapid release 
of steam immediately following the three-hour 
treatment, the removal of the specimens from the 
autoclave, and the immediate quenching in a 
suitable container of city water at a temperature 
averaging 14°C (57.2°F). This test was used as 
an index of delayed crazing. Eight specimens of 
each series were treated, and this treatment was 
repeated until each failed. The data on the eight 
specimens of each glaze are presented in Table I. 


TABLE I 


Failures in autoclave treatments 
3 § 6 7 


Glaze No. 9 10 
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Failures in autoclave treatments 
14 15 16 17 18 19 20 21 22 

8 

7 


V. Conclusions 

(1) ZrO, (about 4% and above) exhibits a ten- 
dency to increase crazing resistance, whether 
ZrO, is added as ‘‘Opax’’ or “milled zircon.” 

(2) TiO, (about 2%) exhibits a tendency to 
increase crazing resistance, but increasing per- 
centages do not show increasing craze resistance. 

(3) ZrO, as compared with TiO, shows ap- 
proximately the same crazing resistance at the 
lower percentages but considerably more resist- 
ance at the higher percentages. 

(4) Opacity begins to develop when the ZrO, 
content approximates 3% and opacity increases 
with increasing percentages of ZrO,. (a) Opacity 
development is greater when the source of ZrO, 
is ‘““Opax’’ rather than ‘milled zircon.”’ 

(5) Additions of ZrO, up to 4 or 5% show no 
apparent change in texture when the source of 
ZrO; is either ‘““Opax’”’ or “milled zircon’’ as com- 
pared with the base glaze. (a) Percentages above 
4 or 5% show a pronounced trend toward a mat 
texture when the source of ZrO, is “Opax.’’ (6) 
When the source of ZrO, is “milled zircon’ the 
above statement does not hold, as the glaze re- 
mains bright with a ZrO, content of approxi- 
mately 8%. 

(6) When the ZrO, content is increased to 3% 
and above in this particular typical glaze, a 
whiter glaze is produced. “Opax’’ exhibits a 
stronger tendency in this respect than does 
“milled zircon.” 

(7) When TiO, is added there is a marked dis- 
coloration ranging from what may be termed a 
faint ivory at 2% TiO, to a much darker yellow- 
ish glaze at 7%. From 7 to 12% there is no 
difference in color. With 12% addition of TiO, 
to the typical base glaze there is a pronounced 
mat texture, whereas 7% addition of TiO, yields 
what may be called semimat. 


Tue Epwin M. Curva Company 
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CAROLINA STONE* 


By J. H. Wets anp J. E. Boyp, Jr. 


ABSTRACT 


Analytical descriptions are given of feldspars available in North Carolina to show 
the possibilities of producing material similar in composition to English Cornwall stone. 


|. Introduction 

Cornish or Cornwall stone, geologically, is a 
variety of decomposed granite, forming part of the 
granite masses of Cornwall, England, possibly 
those portions which crystallized late in the solidi- 
fication of the rock.' This product, which is also 
known as “‘china stone,’’ consists mainly of feld- 
spar and quartz with varying amounts of kaolin, 
muscovite mica, fluorspar, topaz, and tourmaline 
as accessory minerals. The four varieties mar- 
keted are (1) hard purple, (2) mild purple, (3) 
dry white, and (4) buff stone. These grades are 
based on their varying degree of alteration or 
kaolinization, the hard purple being least altered.? 

In England, Cornwall stone is the chief source 
of teldspar fo the pottery industry, but in this 
country. where large reserves of virgin feldspar 
are available, the use of Cornwall stone is now 
confined almost exclusively to the wall-tile indus- 
try and for use in glazes. A long firing range with 
a minimum warpage has been claimed by users of 
Cornwall stone in tile. 

Imports of crude and ground Cornwall stone 
are as follows: 


Crude Ground 
Maximum 6489 tons 1929 1663 tons 1931 
Minimum * — 1933 101 “ 1933 


* Eleven months, 1933; Bureau of Mines data. 


Although this decline in imports of English 
Cornwall stone has been attributed to the sharp 
decline in consumption of wall tile, there is reason 
to believe that domestic feldspars have supplanted 
some of the imported varieties. 

Although several grades of English Cornwall 
stone are used in this country, the “hard purple”’ 
variety has met with the most favor. Analyses 
of recent samples of this grade are indicated in 
Table I. 


* Presented at the Annual Meeting, American Ceramic 
Society, Cincinnati, Ohio, February 13, 1934 (White 
Wares Division). Received February 14, 1934. 

tJ. M. “China Stone,” Trans. Ceram. Soc. 
(Eng. ], 12, 227-88 (1912). 
B. Ladoo, Nonmetallic Minerals, p. 214. Mc- 
Gree Hil Book Co., Inc., New York, 1925. 


TABLE I 
Chemical Composition 
Sample SiO, CaO MgO K:O Na:O Loss 
A 72.72 16.26 0.18 2.10 4.39 3.21 1.18 
B 72.46 16.39 0.10 1.64 0.04 3.82 4.05 1.13 
72.24 16.47 0.17 2.24 4.52 2.94 1.24 
D 72.49 16.55 0.25 2.94 3.63 2.48 1.48 
E 72.20 16.48 0.16 2.26 0.01 3.78 4.10 1.16 
Av 72.23 16.43 0.17 2.24 0.01 4.08 3.36 1.24 
Mineralogical Compositiont 
Sample Orthoclase Albite Anorthite Quartz Kaolin Other 
A 26.0 27.1 10.4 30.4 6.1 
B 22.6 34.4 8.2 27.9 6.5 0.4 
Cc 26.5 24.9 11.3 30.0 6.7 0.6 
D 21.5 21.0 48 34.3 7.8 0.6 
E 22.4 34.7 11.3 27.3 3.7 0.6 
Av. 23.8 26.4 11.2 30.0 6.2 0.4 


t Method of calculation: Sufficient SiO, and Al,O,; were 
allotted to all the K,O present to give the formula K,O-- 
Al,O;-6SiO, (orthoclase), and in the same way SiO, and 
Al,O; were allotted to Na,O to give the formula Na,O-- 
Al,O;6SiO, (albite) and to CaO to give the formula 
CaO-Al,O;-2SiO, (anorthite); excess Al,O; was considered 
to form kaolinite (Al,O,-2SiO,-2H,O) and sufficient SiO, 
was allotted for this formula; excess SiO, was called 
10% the sum of all these constituents was computed to 
100%. 


The chemical compositions in Table II have 
been made in accordance with Bureau of Stand- 
ards procedure for analyzing feldspar and are not 
quite complete as there has been no attempt to 
determine the small amount of minor constituents, 
such as fluorine and phosphorus, generally present 
in English Cornwall stone. 

The chemical composition of various grades of 
English Cornwall stone generally show a fluorine 
content when this constituent is determined. 


TABLE II 
Purple Dry white 
(A) (A) (B) (C)-I (C) (C) 
72.10 72.88 71.10 70.26 69.50 71.66 
Y 15.96 17.33 16.82 
CaO 2.54 0.76 1.60°' 3.74 2.66 1.70 
0.13 0.04 0.05 0.40 0.12 0.85 
5.16 6.57 
Na,O 2.60 1.30 2.29f 5-82 7.98 6.60 
Loss 1.96 2.40 1.25 3.66 1.30 0.91 
F 0.50 0.71 0.14 
Tora. 98.87 100.12 100.34 100.00 100.12 100.15 


Analysis (C)-I: Some proportion of the lime is from 
the runners of the grinding pan. 
(A) Bernard Moore and J. W. Mellor, “Manufacture 


of Feldspathic or Hard Porcelain from British Raw Ma- 
terials,” Trans. Ceram. Soc. [Eng.], Commemoration Vol., 
pp. 258-74 (p. 262) (1930). 
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(B) Submitted by Ohio State University, Ceramic 
Dept., Dec., 1932. 

(C-I, C, C) W. Jackson and A. G. Richardson, ‘Visit 
to Clay Deposits of Cornwall and Devon (Cornish Stone),”’ 
p. 58; Trans. Ceram. Soc. [Eng.], 3, 44-63 (1903). 


Based on many chemical analyses, there is ap- 
proximately 1% fluorspar present in English 
Cornwall stone. Since the “stone’’ content of a 
body seldom exceeds 20%, this would introduce 
less than 0.2 of 1% of fluorspar in a body. It is 
improbable, therefore, that the presence of such a 
small amount of fluorspar has a significant effect 
on the properties of a body. 

The feldspar-producing area of North Carolina 
contains innumerable pegmatites; some of these 
dikes are altered to the extent that a portion of the 
feldspars have been converted into kaolin, with 
the result that some of the altered product re- 
sembles the English product, both chemically and 
mineralogically. North Carolina deposits are 
similar to the English deposits, where the various 
grades are segregated or classified according to 
their degree of alteration. Several grades of 
altered pegmatite indicating varying degrees of 
alteration are available in North Carolina as 
shown by the typical results of analyses in Table 
III. 


III 
Chemical Composition 
Sample SiO. FeO: CaO MgO K:O Na:O Loss 
A 72.20 17.69 0.21 1.70 2.18 4.76 1.17 
B 61.60 25.27 0.15 0.54 3.64 4.27 4.44 
Cc 58.93 26.74 0.12 1.40 0.03 2.63 3.65 6.25 
D 62.20 24.00 0.10 0.54 3.33 4.70 4.94 
Mineralogical Composition 
Sample Microcline Albite Anorthite Quartz Kaolin Other 
A 12.9 40.4 8.5 27.4 11.1 
B 21.56 2.23 32.7 6.2 33.4 
Cc 15.6 31.0 7.1 6.8 38.3 1.2 
D 19.7 39.9 2.7 7.4 29.3 1.0 


With altered pegmatites of this kind available, 
the possibility of matching the various grades of 
English Cornwall stone is readily apparent 


through the use of technical control methods now 
so skillfully employed by those producers who 
control their products. Any deficiency or differ- 
ence in the chemical and mineralogical composi- 
tion of these altered feldspars is corrected by the 
addition of kaolin, feldspar, quartz, and fluorspar. 

The compositions given in Table IV show two 
grades of English Cornwall stone and the equiva- 
lent grades of Carolina stone which were produced 
to match the English varieties, both chemically 
and mineralogically. 


TaBLe IV 
Chemical Co ti 
Sample A B 
North North 
English Carolina English Carolina 
SiO, 72.20 72.25 71.10 70.98 
Al,O; 16.48 15.94 16.82 15.80 
Fe,O; 0.16 0.09 0.16 0.09 
CaO 2.26 1.89 1.60 1.68 
MgO 0.01 Trace 0.05 Trace 
K,0 3.78 3.57 6.57 7.06 
Na,O 4.10 3.91 2.29 2.54 
Loss 1.16 2.17 1.25 1.82 
F 0.50 0.37 
Total 100.15 99.82 100.34 100.34 
Mineralogical Composition 
Micro Anor- Fluor- 
cline Albite thite Quartz Kaolin spar Other 
A English 24.1 34.7 11.2 27.3 3.7 
A N.C. 21.4 33.2 9.4 29.2 5.4 1.4 
B English 38.8 19.4 5.6 25.9 9.6 1.0 
B N.C. 42.0 21.5 6.4 24.5 4.1 0.8 0.7 


When matching English Cornwall stones with 
domestic minerals, full consideration is given to 
the simulation not only of the chemical and 
mineralogical compositions but also of the 
particle-size distribution of the imported product. 
In this way, Carolina stone is produced with 
physical and chemical properties comparable to 
the English variety. Fusion tests are used also 
to determine pyrometric properties and fired 
color 
UniTsp CORPORATION 


10 East 40TH Street 
New Yor«, N. 
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DE-AIRING SEWER PIPE* 


By J. E. RANKIN 


ABSTRACT 


The Steele method of de-airing sewer pipe features an air-tight, inclosed mud 
chamber, fed by an inclosed chute from the de-airing unit, which is connected in a 
straight line with a 12-foot pug mill. Tempering clay with two wet pans has been dis- 
continued. The plasticity has been increased, the pipes emerge straighter from the 
press, dry straighter, and are stronger and tougher with a resultant decrease in waste 
in house and kilns. The outer surface is smoother with practically no lamination or 
visible blisters. The crushing strength is increased and the absorption decreased. 


|. Introduction 


(1) Installation and Operation 

In January, 1934, sewer-pipe manufacture was 
started regularly on a Stevenson press designed 
for de-airing. Previous to that time de-airing 
shale on a small brick machine and feeding the 
press with the material from it had been tried, 
and, while the advantages of de-airing wereevident, 
large blisters came out on the pipe from the en- 
trapped air. 

The Stevenson press was inclosed air-tight by 
means of rubber-packed, cap-screwed, angle-iron 
rings at the top and bottom, to which was welded 
the No. 10 gage sheet-iron casing. To the 
latter were sealed two hinged cast-iron doors with 
glass panels. The feeding chute of No. 10 gage 
sheet iron was welded into the casing at an angle 
of 47°. Steam pipe and kicker shaft through the 
casing were sealed by stuffing boxes. 

The angle-iron rings were packed with rubber 
packing and the cap was screwed to the press, 
top and bottom. 

A chute cleaner was found to be necessary, and 
a semicircular piece of sheet iron was fixed to the 
end of a shaft entering the back of the chute 
through a stuffing box. 

Additional machinery consisted of a Steele 
combined pug mill and de-airing machine in 
straight line. 

In the Steele machine, the clay is fed by the 
auger from the pug mill through a sealing die, the 
core of which is a hub on the shaft that extends 
from the auger through the de-airing chamber 
and is supported by a bearing in the front. 

Keyed on the shaft and turning with it at the 
extrusion end of the die are a series of knives on a 
circular casting, which rotate with the turning of 


* Presented at the Annual Meeting of the American 
Ceramic Society, Columbus, Ohio, March 31, 1936 (Struc- 
tural Clay Products Division). 
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the auger and shred the clay into strips as it 
comes through the die into the vacuum chamber. 
The clay is carried forward from the shredder by 
knives set at an angle. During this feeding proc- 
ess the clay is further chopped into pieces and 
the vacuum gets an additional chance to extract 
the air from the interior of the strips cut by the 
shredder. 

The clay travels about four feet in the de-airing 
machine. This thorough shredding and chopping 
that is given the material while under a vacuum 
is essential to the successful operation of any de- 
airing system. When material enters the hopper 
of the press it is about the size of a marble. 

Vacuum is produced by two steam jets in series 
with a condenser in between. By this arrange- 
ment, a continuous working vacuum of from 28 to 
29'/s inches of mercury is obtained. 

A disk feeder is used under the clay storage 
bin, which may be adjusted to feed any amount 
of clay desired according to the size of pipe being 
made. This insures an even flow, and an almost 
continuous operation of the pug mill is possible, 
thus giving much more even temper than was 
formerly possible with wet pans. All the temper- 
ing is now being done in the pug mill which re- 
sults in a saving of from $250 to $300 a month in 
the power bill alone by discarding two wet pans. 


ll. Nature of Shale 

A Triassic shale is used, the greater part of 
which is yellow in color, though there are streaks 
of red, gray, and black in the particular bed being 
worked at the present time. The shale is low in 
silica and high in alumina and iron. When not 
de-aired it has poor plasticity, it is weak when 
dry, and it laminates badly. The absorption 
range of the fired ware is rather high, but the fired 
strength is fairly good. There has never been 
any difficulty with carbon or black core. 
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lll. Characteristics of the Green Ware 

Before de-airing, no siliceous material could be 
added to facilitate glazing because it made the 
pipe too weak to be handled from the press with- 
out getting out of shape. Even since the addition 
of this siliceous material, it is now necessary 
to use a knife to cut off pipe that were formerly 
broken off at the press with ease. This, however, 
has not proved a handicap, and production is 
better now than it was because of fewer losses at 
the press. Before using de-airing and while the 
vacuum was low, 23 to 24 inches, the material 
laminated badly. Since raising the vacuum to 
29 inches or more, there are rarely ever any signs 
of lamination. Our material requires 20% water 
of plasticity. Better results have been obtained 
when the clay is slightly soft, there being less 
tendency to crack in drying if there is too much 
heat during the first stage. Experience shows 
that a de-aired clay does not heal or knit together 
as well as one that is not de-aired. De-airing 
makes a material more waxy and less sticky. 

In forming sewer pipe, the mixture runs much 
straighter from the die when de-aired. It is also 
more easily handled when green and does not get 
out of shape so easily. 

It has been found that with de-aired pipe the 
more vacuum obtained the better the results. 
At first a vacuum of about 23 inches was used, and 
since then each successive step to raise the vacuum 
has made a marked improvement in the work- 
ability of the clay, in the strength of the pipe, 
and especially in clearing up lamination. 


IV. Dry Ware 

Formerly the pipe had a great many large 
blisters both inside and outside, necessitating 
much refinishing of the green ware. There are 
rarely any blisters to be seen now. 

The drier loss is a little less, though it never 
was excessive. The greatest advantage in the 
dry ware is that the pipe are not crooked or out 
of round as formerly. 

The strength of the de-aired pipe has been 
greatly increased in the dry state and the breakage 
in handling during the setting operation has de- 
creased considerably. 


V. Firing De-Aired Sewer Pipe 

The writer has been unable to see any advantage 
in the firing of de-aired materials insofar as the 
final temperature is concerned. The same condi- 
tions seem to produce the same hardness, with 
lower absorption, and the color changes are the 
same. The firing schedules have not been changed 
on any of the pipe except the 24-inch pipe, which 
has been slowed down during the vitrification 
to a 5-day firing period to eliminate large vitri- 
fication blisters. The sewer pipe and other prod- 
ucts now stay in much better shape (straighter 
and more round) during the firing than previously. 
The bottom pipe formerly were '/; inch shorter 
than the top pipe. They are now the same 
length. 


Vi. Finished Ware 

There has been no change in the total shrinkage 
since the pipe were de-aired. An allowance of 
1/, inch per inch is made to take care of this. 
The drying and firing shrinkage are about the 
same. De-aired sewer pipe have a much smoother 
finish, with practically no air blisters, pits, or 
irregularities on the surface. There are rarely 
any signs of lamination in the body of the pipe, 
and it is much more dense. 

The pipe is far superior in every way to those 
that were formerly not de-aired, and the seconds 
have been reduced enormously. Crushing tests 
show an increase of 35% in strength and the ab- 
sorption has been lowered from 6 to 4%. 


Vil. Conclusions 

The de-airing process has enabled the company 
to manufacture a much better product at a lower 
cost. One city that used 25 miles of de-aired pipe 
has since then specified de-aired sewer pipe for all 
of its sewer extensions. 

For a nonplastic shale or clay of low plasticity, 
de-airing produces a better and more saleable 
product. Though a shale does not lack plasticity, 
the greater strength and lower absorption which 
obtained by de-airing are always desirable. 
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Abrasives 


Abrasives and grinding at the Ford River Rouge plant. 
Anon. Mill & Factory, 18, 318-42 (Jan., 1936); Metals & 
Alloys, 7 [6] MA302 (1936).—Grinding operations at the 
Ford plant are characterized by the variety of sizes, 
costs, and types of wheels and by the dependence of the 
Company on the technical codéperation of the abrasive 
manufacturers. The only accurate guides to grinding 
wheel quality are performance data, furnished at this 
plant by detailed comparative studies of wheels proposed 
for a specific operation. Factors considered are total 
number of pieces ground per wheel, hours of service, num- 
ber of dressings, average production rate, average produc- 
tion per dressing, average approximate cost per part. 
A detailed description is given of grinding operations on the 
camshaft and the crankshaft. Extreme hardness and 
toughness of the cast alloy steel crankshaft necessitate 
24 in. to 42 in. diameter grinding wheels for most semi- 
finishing and all finishing operations. The grinding of 
cast-alloy pistons, piston pins, valve seats, and rear axles 
is described, and the use of other miscellaneous grinding 
equipment is outlined. 

Adhesion of abrasive grain to glue. A. A. KLEIN. 
Metal Cleaning & Finishing, 8 [11] 789-00 (1936).— 
A considerable difference in polishing performance and 
characteristics of wheel heads is possible when they are 
set up with variously etched coated grain, depending 
chiefly on the chemical composition of the coating, the 
heat treatment employed, and the uniformity of the 
coating around the grain surfaces. Data to show the in- 
crease of strength of an etched coated grain over the same 
grain unetched are presented. While the greater adhe- 
sion of glue to the etched coated grain is related to the 


etched coating, the cause or causes for it are not entirely 
known. E.J.V. 
Binding material required in function of granulometry 
of grinding wheels. C. Kruc. Schleif & Poliertech., 13 
[8] 173-74 (1936).—If a given hardness is required, fine 
and finest granules of abrasives need an increasing amount 
of binding material proportional to the square root of the 
linear number of the mesh. The form, nature of granule 
surface, and density of agglomeration have some influence 
Sieving should be very accurate. F.E.V. 
Construction of grinding machines and dynamic bal- 
ancing of grinding wheels. E. Bropner. Schleif & 
Poliertech., 13 [4] 77-80 (1936).—The ever-increasing 
desiderata, particularly for the universal type, require 
the elimination of oscillations. If only static balance is 
realized, the true unbalance is not improved; in many 
cases, it is essentially worse. Static balancing is satis- 
factory only for very small wheels. If high durability 
of the machine and first class grinding are required, a new 
balancing is compulsory after an important reduction of 
diameter. The expenses of dynamic balancing during 
grinding wheel fabrication can be low if a special balancing 
machine is developed. F.E.V. 
Low-cost polishing. Frep B. Jacops. Mill & Fac- 
tory, 18, 62-64, 128-31 (March, 1936); Metals & Alloys, 7 
[6] MA302 (1936).—By using polishing methods for 
exposed metal parts of electric vacuum cleaners as ex- 
amples, J. emphasizes attention which must be paid to 
setting-up wheels with glue and abrasive, type of glue, 
size of grit, drying time, wheel balance, etc. Automatic 
polishing is not convenient with the parts in question. 
Al alloy parts are polished dry with No. 120 Turkish 


53 


54 Ceramic Abstracts 


emery on canvas wheels, oiled on felt or sheepskin wheels, 
cut down with tripoli, cleaned in organic solution, and 
color-buffed on previously worn-down wheels, without 
subsequent plating. Steel tubing is polished with a 
“skate’’ before being electroplated with Ni and Cr. 

Manufacture of grinding wheels using organic (syn- 
thetic resin) binders. ANon. Gummi-Zig., 6, 151 (1936); 
abstracted ir. Kunststoffe, 26 113-14(1936). L.E.T. 

Recent development in construction of grinding ma- 
chines. P. Wiessner. Schleif & Poliertech., 13 [6] 
125-31 (1936).—A description of new German machines 
is given. 8 illustrations. F.E.V. 

Roll grinding. J. R. Leonarp. Wire & Wire Prod., 
11, 125-26, 149-52 (March, 1936); Metals & Alloys, 7 
[6] MA302 (1936).—The problems occurring in the manu- 
facture of highly polished rolls for wire and sheet rolling 
are discussed; the grinding process, coolants and lubri- 
cants, and grinding machines are described. 

Surface finish of stainless steels. Pickling, grinding, 
polishing, browning, etching. ANoNn. Metallwaren-Ind. 
& Galvano-Tech., 33, 31-32 (Jan. 15, 1935); Metals & 
Alloys, 6 [10] MA404 (1935).—There are many patented 
pickling solutions on the market. The following are 
widely used: (1) 50 HCl, 50 H,O, 5 HNO,, and 2 in- 
hibitor, T = 60 to 70°C, time 10 to 15 min.; (2) 15 to 
20% H:SO, at 60 to 70°C; (3) 25 HNO; + 1 HCl, 73 H,O + 
1 inhibitor. Grinding and polishing should remove all 
scale. Abundant water supply, low grinding speeds, 
low pressure, and Al,O; wheels with ceramic binder are 
recommended. Polishing is done on felt wheels or leather- 
covered wooden disks with corundum and emery powder. 
Addition of talcum or fat counteracts burning. Mirror 
finish is secured on linen wheels with Cr-oxide which is 
superior to rouge for stainless steel. Dusty rooms should 
be avoided; 10% oxalic acid is used for browning. A 
further dip in 1% Na-sulfide solution produces black; 5% 
KMnQ, solutions are particularly suited for browning. 
Etching should be avoided if possible. It is, however, 
preferable to stamping. After cleaning with benzene or 


turpentine, a protective coating of 4 parts wax + 2 colo- 


phony + 1 pitch + 4 asphaltum is applied as a “resist”’ 
in etching. A solution of 800 FeCl, (40° Bé) and 300 cc. 
concentrated HCI is very effective on 18/8. Light etching 
is accomplished with a saturated solution of FeCl, in HCl 
+ afew drops of HNO,;. Knife blades are etched at room 
temperature in 25 to 40% H,SO, solutions. The protec- 
tive coating can be removed with boiling water or tri- 
chlorethylene. 

Value of polishing cement as an adhesive for abrasive 
grain. R. J. FLANIGAN AND E. R. Butrier. Meial 
Cleaning & Finishing, 8 [11] 786 (1936).—Polishing 
cement, made wholly of mineral substances, is furnished 
in one grade prepared, for immediate use and having a 
liquid bond that can be used to regulate the density to 
conform with the sizes of abrasives and work to be polished. 
It has been found that the capillarity factor of abrasives 
is not very important when using polishing cement, as 
cement sets and does not stick. As a result, the objects 
covered, the abrasive, and the fabric or base become an in- 
tegral part of the cement, with the result that the strength 
of the whole is more dependent on the strength of the 
fabric or base to which it is applied and on the wearing 
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qualities of the abrasive than it is on the cement itself. 
Low costs are available with polishing cement due to the 
absence of spoilage, the consistent results obtained, small 
wheel investment due to shorter drying time, and the 
large number of pieces finished per wheel or belt. 

E.J.V. 


BULLETIN 
Abrasive grain sizes. Simplified practice recom- 
mendation R118-36. NaTionaL BuREAU OF STANDARDS. 
Superintendent of Documents, Govt. Printing Office, 
Washington, D. C. 11 pp. Price 5¢. This recom- 
mendation supersedes R118-30 in which some minor 
changes were made. This recommendation was adopted 
originally in May, 1930, by a general conference of the 
abrasive industry and made effective in Sept., 1930. 
The recommendation is in the form of a table of allow- 
able limits for the sizing of aluminum oxide and silicon 
carbide abrasives for polishing uses and grinding wheel 
manufacture. The revised recommendation was made 

effective from Sept. 1, 1936. R.A.H. 


PATENTS 


Abrasive wheel. M. B. Lane (Norton Co.). U. S. 
2,063,685, Dec. 8, 1936 (Nov. 11, 1935). A method of 
making a grinding wheel or other abrasive body com- 
prises providing a quantity of abrasive grain, mixing the 
abrasive grain with rubber and Thermoprene, heating the 
mixture, dieing out the required shape while the mixture 
is hot, and allowing the shape to harden by cooling. 

Apparatus for grinding serrated cutting blades. 
Criner (A. G. Bush). U. S. 2,062,352, Dec. 1, 
(March 4, 1935). 

Apparatus for the manufacture of granule-coated webs. 
A. Asppey (Carborundum Co.). Brit. 455,639 and 455,- 
640, Nov. 4, 1936 (April 25, 1935). 

Coated sheet and web material and process for making. 
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Marso Propucts Corp. Brit. 455,641, Nov. 4, 1936 
(April 25, 1934). 
Crankshaft grinder. G.H.Govu.tpen. U. S. 2,061,764, 


Nov. 24, 1936 (July 16, 1935). 

Cylinder grinding tool adjusting mechanism. H. W. 
ZIMMERMAN (Automotive Maintenance Machinery Co.). 
U.S. 2,063,217, Dec. 8, 1936 (June 11, 1928). 


Internal grinding fixture. CLEMENT BooTH AND 
J. E. Caster (Cincinnati Grinders, Inc.). U. S. 2,063,- 


659, Dec. 8, 1936 (May 31, 1935). 

Grinding machine. G. W. Binns AND CLEMENT 
Bootn (Cincinnati Grinders, Inc.), U. S. 2,060,785, 
Nov. 17, 1936 (Aug. 10, 1934). S. J. Hartey. U.S. 
2,060,438, Nov. 10, 1936 (March 22, 1935). 

Grinding operations and machines therefor. Cov- 
ENTRY GauGE & Toot Co., Lrp., AND S. J. HARLEY. 
Brit. 456,152, Nov. 18, 1936 (May 4, 1935). 

Grinding and polishing apparatus. C. L. Hawes. 
U. S. 2,061,626, Nov. 24, 1936 ( Dec. 22, 1933). 

Grinding or polishing device for sheet-rolling mills. 
ScHLOEMANN A.-G. Brit. 456,501, Nov. 25, 1936 (April 
20, 1935). 

Grinding and polishing machines. A. H. STEVENS 
(Crucible Steel Co. of America). Brit. 456,595, Nov. 25, 
1936 (July 13, 1935). 


\ 
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Grinding wheels and method of making. Norron 
GRINDING Wueet Co., Lrp. Brit. 456,097, Nov. 18, 
1936 (Feb. 14, 1935). 

Machine for grinding valves of mushroom or poppet type. 
Ortro Kier. U. S. 2,060,396, Nov. 10, 1936 (Feb. 23, 
1933). 

Manufacture of abrasive articles. R.C. Benner, O. L. 
MAHLMAN, AND W. D. Rossow (Carborundum Co.). U.S. 
2,061,931, Nov. 24, 1936 (Dec. 6, 1934). The method of 
making a resin-bonded abrasive comprises moistening 
abrasive grains with a clear homogeneous mixture of a sub- 
stantial proportion of water and a liquid resin miscible 
therewith, mixing a powdered resin with the moistened 
grain to form a substantially dry distributable mix wherein 
each abrasive granule has an outer coating of dry resin, 
forming an article from the dry mix, and hardening the 
article by heating. 
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Manufacture of granule-coated webs. W. J. TENNANT 
(Carborundum Co.). Brit. 456,532, Nov. 25, 1936 (May 
10, 1935). 

Method of grinding antifriction needle bearings. 
EvLeK Benepek. U. S. 2,062,803, Dec. 1, 1936 (Jan. 27, 
1933). 

Polishing wheel. R. W. Sprincer. 
Nov. 17, 1936 (May 23, 1935). 

Roll grinding machine. C. G. FLYGare AND H. B. 
FrisperG (Norton Co.). U. S. 2,063,668, Dec. 8, 1936 
(Dec. 31, 1934). 

Screw-thread grinder. N. J. Crowey (Niles-Bement- 
Pond Co.). U. S. 2,060,044, Nov. 10, 1936 (Feb. 26, 
1935). 


U. S. 2,060,952, 


Art and Archeology 


Accessions of Islamic art. M. S. Drmanp. Bull. 
Met. Mus. Art, 31 [7] 146-48 (1936).—Among the recent 
additions to the collection of Near Eastern art are a 
Mesopotamian bowl and a Turkish dish. The bowl, dat- 
ing from the 12th Century, is a fine example of the blue- 
glazed pottery produced at Rakka on the Euphrates. 
The Turkish dish, the gift of James J. Rorimer, is a fine 
specimen of ware hitherto not represented in the collec- 
tion of pottery from Asia Minor. A.A.A. 

Additions to the Chinese collection. ALAN Prrzsr. 
Bull. Met. Mus. Art, 31 [5] 112-14 (1936).—An important 
series of miniature grave figurines of the Han dynasty 
supplement a group of Wei (386-557) miniature figures 
and a group of T’ang miniatures. A.A.A. 

Ancient windows. Anon. WN. Y. Times, Nov. 1, 
1936.—An inventory of ancient stained-glass windows is 
being made throughout Brittany. The village church of 
Lehon, near Dinan, possesses a window which goes back 
to the year 1260 a.p.; in St. Alban is another dated 1312. 

M.V.C. 

Art and science in the development of Rookwood Pot- 
tery. H. F. Bopp. Bull. Amer. Ceram. Soc., 15 [12] 
443-45 (1936). 

“Beads” link China and Britain. ANon. WN. Y. Times, 
June 16, 1936.—Glass “‘eye-beads’’ recently found in 
Silcester, England, are identical with those found in 
Loyang in China, according to C. G. Seligman of London 
Univ. Similar beads of the same period have been dis- 
covered in Egypt. By 100 a.p. the Chinese were mak- 
ing inferior imitations of the blue and green “‘eye-beads”’ 
of the Mediterranean. Chinese glass contains up to 20% 
barium, which has been introduced into European glass- 
making only within the last fifty years. M.V.C. 

Beginnings of pottery. J. Jounson. Sci. Amer., 155, 
340-41 (1936).—Pottery was first made around a gourd or 
something similar long before the potter’s wheel was de- 
veloped. The shapes in which pottery was molded diver- 
sified rapidly to include coffins, clay writing tablets, 
weapons, tile, brick, plumbing, toys, etc. W.D.-F. 

Bequest of Mary Strong Shattuck. THeopore Hoppy 
AND C. Louise Avery. Bull. Met. Mus. Art, 31 [1] 3 
(1936).—The entire bequest of Mary Strong Shattuck is 


shown in the Room of Recent Accessions. Three pieces of 
K’ang Hsi porcelain constitute the Far Eastern section. 
There is a famille verie vase and a pair of coral red oviform 
jars. Nineteen pieces of Meissen porcelain illustrate the 
styles popular at the factory from 1720 to 1750. A.A.A. 
Corinthian pyxis. G. M.A. Ricurer. Bull. Met. 
Mus. Art, 31 [5] 104-105 (1936).—A Corinthian terra 
cotta pyxis or toilet box is decorated with patterns prac- 
tically covering the surface except for the three female 
heads used for handles. It is dated about 560 B.c. 
A.A.A. 
Early American glass. JoserH Downs. Bull. Met 
Mus. Art, 31 [2] 34-35 (1936).—A pair of unique blown 
candlesticks and a rare blown and molded flask, pur- 
chased from the Alfred B. MaClay collection, represent 
the art of American glassmaking at its zenith. M.B.D. 
Ibid., [8] 168-69.—Two distinctive examples of early 
American glass, a vase and a sugar bowl, are recent ac- 
cessions. In character and quality they show the in- 
fluence of the expert Amelung craftsmen at New Bremen, 
Md., although of a later period. A.A.A. 
English pottery; new accessions. C. Louise Avery. 
Bull. Met. Mus. Art, 31 {7| 142-43 (1936).—The Museum 
collection of slip-decorated pottery includes several dis- 
tinguished examples. Three new pieces have recently 
been added, (1) a large dish bearing the name of John 
Wright, Staffordshire, late 17th Century, (2) a reclining 
ram molded in grayish clay, painted in soft-colored glazes, 
dating from about 1770 and probably the work of the 
younger Ralph Wood, and (3) the figure of Fortitude, 
one of a series representing the virtues, of unusual size and 
in very good condition, the work of Enoch Wood and 
James Caldwell, dating from about 1810. A.A.A. 
Four Mycenaean terra cottas. CurIsTINE ALEXANDER. 
Bull. Met. Mus. Art, 31 [3] 68 (1936).—Four Mycenaean 
terra cotta statuettes have been added to the Museum 
collection. These small figures occur in tombs as well as 
in inhabited sites. They belong to the Third Lare Hella- 
dic period (1499-1199 B.c.). A.A.A. 
Georgia clay pottery. Anon. Chicago Daily News, 
Sept. 4, 1936.—Clay from Meriwether County, Ga., is 
being used for cocktail shakers. The ware is made by 
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hand, given two firings, and glazed in blue, green, and 
yellow. K.R. 
History of glass, an exhibition. H. E. Wrviocx. 
Bull. Met. Mus. Art, 31 [10] 192-097 (1936).—An ex- 
hibition was organized to bring together in an unbroken 
series the work of a single craft throughout its history. 
The exhibit is gathered from the collections of the Museum. 
A.A.A. 
Painted Greek statuette. CurIsTINE ALEXANDER. 
Bull. Met. Mus. Art, 31 (6) 133-34 (1936).—A newly ac- 
quired Greek statuette of a goddess still shows thin washes 
of original color. This terra cotta figure from the 6th 
Century B.c. is seated on a red throne and wears an Ionic 
costume. A.A.A. 
Persian expedition, 1934-1935. JoserH M. Upron. 
Bull. Met. Mus. Art, 31 [9] 176-80 (1936).—Several 
specimens were added to the examples of Late Sasanian 
pottery and metal work collected in 1934 during excava- 
tions at Nishapur. Fragments of unglazed pottery 
made in molds were found together with the molds and a 
kiln. A.A.A. 
Syrian enameled glass bottle of the 14th Century. 
M. S. Drwanp. Bull. Met. Mus. Art, 31 [5] 105-108 
(1936).—The Museum owns a fine group of Egyptian and 
Syrian glass and has recently purchased a long-necked 
bottle from the collection of Robert de Rothschild. It is 
one of the great masterpieces of enameled glass and is 
dated from the first half of the 14th Century. A.A.A. 
Use of rare earths in ceramics. BUrrner. Keram. 
Rundschau, 44 [23] 267-68 (1936).—B. investigated the 
use of thorium nitrate residues in lead glaze composi- 
tion. The residues are carbonates or oxalates of cerium, 
didymium, lanthanum, and yttrium. Excellent opacifica- 
tion without bubbles was obtained by an addition of 12% 
untreated residue to the raw glaze. Carbonates and oxa- 
lates are equivalent. A nice ivory shade but no perfect 
white was reached. Small additions of cobalt, copper, 
chromium, iron, manganese, and nickel compounds give 
effects superior to those obtained by opacifying with tin 
oxide. The covering power is perfect. Too high tem- 
perature and slow firing must be avoided on account of 
solubility of the rare earths. F.E.V. 


BOOKS AND BULLETINS 

Artware bodies. Anon. Uniled Clay Mines Corp. 
Bull., 4 pp.; reviewed in Ceram. Age, 27 [4] 104 (1936).— 
Information on clays for artware service, including special 
art pottery bodies and modeling clays, is given. F.G.H. 

Old Wedgwood. Anon. Wedgwood Club, Wellesley 
Hills, Mass. Price $1.00. Reviewed in Ceram. Age, 27 
[4] 108 (1936).—A review of the activities of the Wedg- 
wood Club, with material of interest to collectors of old 
Wedgwood, is presented. F.G.H. 
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PATENTS 


Designs for: 

Ashtray. W. E. Macke.rresn, Jr. (Owens-Illinois 
Glass Co.). U. S. 102,087, Nov. 24, 1936 (Oct. 1, 
1936). 

Automobile lens. M. A. Smirn (McKee Glass Co.). 
U. S. 102,097, Nov. 24, 1936 (Sept. 28, 1936). 

Bottle. E. W. Fuerst (Owens-Illinois Glass Co.), 
U. S. 101,984, Nov. 17, 1936 (Sept. 30, 1936). W. R. 
K.ount (Carr-Lowrey Glass Co.), U. S. 102,279, Dec. 8, 
1936 (Oct. 1, 19386). W. R. Leacu (Carr-Lowrey Glass 
Co.), U. S. 101,919, Nov. 10, 1936 (March 29, 1935). 
W. D. Prummer (Owens-Illinois Glass Co.), U. S. 
102,036, Nov. 24, 1936 (Oct. 3, 1936). 

Combined toilet-paper holder and ash receiver. J. R. 
Situ, Sr. (New Jersey Porcelain Co.). U.S. 101,924, 
Nov. 10, 1936 (June 26, 1936). 

Cream jar. FRANK McLavucGuuin (Carr-Lowrey Glass 
Co.). U.S. 101,878, Nov. 10, 1936 (Sept. 19, 1936). 
Cup. B. D. Fuerst (Owens-Illinois Glass Co.). U. S. 
101,865, Nov. 10, 1936 (Sept. 12, 1936). 

Glass bowl. A. H. Nicnoison (Federal Glass Co.). 
U.S. 102,091, Nov. 24, 1936 (Sept. 29, 1936). 

Glass plate. J. E. DuncaAN, 3p, AND R. A. May (Dun- 
can & Miller Glass Co.). U.S. 101,983, Nov. 17, 1936 
(Jan. 31, 1936). 

Glass sugar bowl. Water von Nessen. U. S. 
101,900, Nov. 10, 1936 (July 29, 1936). 

Glass tumbler. D. M. Smirm (McKee Glass Co.). 
U. S. 102,096, Nov. 24, 1986 (Sept. 28, 1936). 

Goblet. A.J. CunnincHAM. U. S. 101,938 to 101,940, 
Nov. 17, 1936 (Sept. 9, 1936). 

Grinding wheel. C.F. Gamor. U.S. 102,027, Nov. 24, 
1936 (May 16, 1935). 

Jar. T. J. Ptazzoui (Capstan Glass Co.), U. S. 102,171, 
Dec. 1, 1936 (Oct. 9, 1936). Fraser (Hazel- 
Atlas Glass Co.), U. S. 102,008, Nov. 17, 1936 (Sept. 30, 
1936). 

Pitcher. W. E. MACKELFRESH, JR. (Owens-Illinois 
Glass Co.). U. S. 102,088, Nov. 24, 1936 (Oct. 1, 
1936). 

Plate. B. N. Kane (Hall China Co.), U. S. 102,109, 
Nov. 24, 1936 (May 26, 1936). J. L. PASMANTIER. 
U. S. 101,883 and 101,884, Nov. 10, 1936 (Sept. 25, 
1936). 

Stemmed goblet. W. P. Morrison (Bryce Brothers 
Co.). U.S. 102,062, Nov. 24, 1936 (Sept. 2, 1936). 

Tile. Eucrene Parker. U. S. 102,169 and 102,170, 
Dec. 1, 1936 (Jan. 13, 1936). 


Machine for decorating flat surfaces. W.R.SmmontTon 
(Owens-Illinois Glass Co). U. S. 2,061,679, Nov. 24, 
1936 (June 22, 1935). 


Cements. 


Chemical constitution of Portland cement and develop- 
ment of its technical properties. Mrcuer J. M. JASPERs. 
Rev. Mat. Consir. Trav. Pub., No. 321, pp. 127-29; No. 
322, pp. 148-52; No. 323, pp. 178-82; No. 324, pp. 201- 
206 (1936).—The first chapter of this work deals with 
the chemical constitution of Portland cement, the unitary, 
binary, and ternary systems. M.V.C. 


Effect of pu value of water on speed of hardening of 
various hydraulic bonds. Paut Ercuiisse. Congr. 
Chim. Ind., 15th Congress, Brussels, 1, 441-48 (1935); 
abstracted in Chem. Zentr., ii, 1780 (1936). M.V.C. 

Heat generated by cement during hardening. In- 
fluence of composition. Epmonp Marcotte. Rev. Mat. 
Constr. Trav. Pub., No. 308, pp. 113-18 (1935).—The 
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heat liberated during setting and hardening was deter- 
mined for a number of Portland cements of different com- 
position after 3, 7, 28, 90, and 180 days. The cements 
were mixed pure with 40% water and kept at 35°C (95°F) 
in sealed bottles. The liberation of heat was determined 
by the heat of solution method. The results were analyzed 
by the method of the least squares for the contribution of 
the percentage of each component to the total evolution 
of heat, supposing that a linear relation exists between the 
composition of a cement and its evolution of heat. The 
compounds included in the analysis were tricalcium alumi- 
nate (3CaO-Al,O,), tricalcium silicate (3CaO-SiO,), tetra- 
calcium ferro-aluminate (4CaO-Al,O,°Fe,O;), and dicalcium 
silicate (2CaO-SiO,). Under the testing conditions de- 
scribed, it can be concluded that (1) Portland cements 
give off considerable heat for at least 6 months; (2) a 
large part of the heat is liberated at the end of three days, 
and the thermic order of different cements which is estab- 
lished then is usually maintained during the six-month 
period; and (3) marked changes in the proportions of com- 
mercial cement and also in components present in clinker 
produce pronounced differences in the heat of hardening. 
In the cements for which complete results of six months’ 
experiment are given, the thermal liberation during three 
days is 41 to 91 cal./g. and up to six months, 73 to 116 
cal./g. With regard to the evolution of heat during the 
first three days, the components are arranged in decreasing 
order as above: (1) 3CaO-Al,O;, (2) 3CaO-SiO, (which 
gives off much less heat), and (3) 4CaO-Al,O,-Fe,O, and 
2Ca0O-SiO, with relatively small and almost equal values. 
The predominant values for the tricalcium compounds and 
the close agreement between them relative to the two 
other compounds permit the estimation of the liberation 
of heat of fresh cements prepared in a similar way as a 
function of the tricalcium compounds. Thus, for the 
cements of the experiment, the function 3CaO-Si0,% + 
2.1 X 3CaO-Al,O,% shows a good correlation with the 
liberation of heat. The liberation of heat can be esti- 
mated with equal exactness by means of percentages cal- 
culated for the different compounds, or directly from the 
analysis of the cements expressed with regard to the quan- 
tity of oxides. The constants are given by both methods. 
M.V.C. 
Mixtures of calcium aluminate cements and Portland 
cements. J. L. Miner. Concrete [Cement Mill Ed.], 
44 [8] 38-43 (1936).—M. discusses foreign research and 
American research and practice. Certain mixtures are 
very quick setting and have some value for grouts in seal- 
ing rock seams, in tunnels, etc. A pier at Puget Sound 
Navy Yard is made with a lumnite concrete shell and a 
Portland cement concrete interior bonded together. 
After 11 years in sea water, the lumnite concrete has not 
failed and is protecting the Portland cement concrete 
perfectly. W.D.-F. 
Norms for Portland cement in different countries. 
G. B. Rev. Mat. Constr. Trav. Pub., No. 323, pp. 182-85; 
No. 324, pp. 206-209 (1936).—Extracts of the official 
norms used in 29 countries are given for fineness of grind- 
ing, chemical composition, setting tests, resistance, sand 
used, etc. M.V.C. 
Solved and unsolved problems of cement clinker. 
Water Dvexernorr. Tonind.-Zig., 60 [50] 618-20 
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(1936 ).—D. concludes that cement clinker is a disequilib- 
rium solidified below sintering temperature, while H. Kiih! 
(Ceram. Abs., 16 [1] 7 (1937)) defines clinker as an equi- 
librium solidified at the beginning of cooling. M.V.C. 
SO, contents in Portland cement clinker. G. Muss- 
cnuc. Zement, 25 [15] 253-59; [16] 268-72 (1936).—M. 
summarizes conclusions of experiments as follows: (1) 
According to heating, given sulfidic raw materials may 
produce clinker of higher SO, content. (2) Up to 2% SO,, 
the cement properties do not deteriorate if gypsum addi- 
tion is computed accordingly. (3) A higher content of 
SO; reduces the lime and generally the free lime in clinker, 
the batch remaining unchanged. (4) A high percentage of 
SO, is determined by a certain excess of air and low firing 
temperature. (5) The binding time of clinkers is regu- 
lated by SO, content, ¢.g., a clinker of silica modulus 1.4 to 
1.7 and alumina modulus 1.3 to 1.6 is slow binding with 
1.8% SO;. (6) SO, increases volume stability. (7) For 
compressive strength, SO, cannot replace gypsum entirely, 
High-fired CaSO, in clinker shows sluggish solubility and, 
with an addition of gypsum, the combined effect is ex- 
cellent. (8) The shrinkage of clinkers rich in SO, and 
gypsum free is slightly higher than usual. (9) The 
binding heat is practically unchanged. (10) Gypsum 
has the greatest solubility among the “‘binding delayers.”’ 


F.E.V. 
Systematic denomination of Portland cements. S 
Soracocu. Zement, 25 [24] 403-407; [25] 419-22 


(1936).—S. includes all Portland cements in a diagram, 
abscissa being the alumina modulus and ordinate the 
silica modulus. On this graph, the different kinds of 
cements are clearly circumscribed. A series of curves rep- 
resents given temperatures of sintering, equivalent quick 
hardening, equal hydration heats, and resistivity against 
sea water. The properties and use of the Portland cements 
are discussed in correlation with the diagram. F.E.V. 
Tests with quickly and slowly cooled clinkers. 0. 
ScuwacHHemm. Zement, 25 [17] 291 (1936).—Quickly 
cooled clinker is red while slowly cooled clinker shows the 
usual dark blue color. Early resistance is better with 
quick cooling; after 28 days compressive strengths are 
practically identical; the tensile strength of slowly cooled 
clinker is even better after 28 days of ‘“‘combined’’ condi- 
tions. In practice quick cooling has no particular im- 
portance. Loss of heat is high. Better strength and 
easier grinding are small benefits. F.E.V. 
Thermochemical principles of cement fabrication. 
H. E. v. Gronow. Zement, 25 [26] 437-42; [27] 453- 
58 (1936).—G. summarizes the results of experiments made 
in 1932-1934 in collaboration with H. E. Schwiete. The 
following quantities were measured: (1) specific heats of 
raw materials, clinker minerals, and Portland cement 
clinker; (2) endothermic heat of limestone decomposition 
and of water elimination from kaolinite; (3) exothermic 
heat of clinker formation; and (4) heat required by the 
sintering process. A complete heat balance was elabo- 
rated. Smaller components being discarded, data are 
given for 1 kg. normal clinker of the composition 66 
CaO, 24 SiO,., and 10% Al,O,. Endothermic heat is 
1030 = 6 Cal., exothermic effect being 640 Cal., a differ- 
ence of 390 + 12 Cal. or 11% less as computed by Eitel 
and Schwiete in 1932. F.E.V 
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Researches on setting processes. P. ScHLAPrER. 
Fourteenth Yearly Report of the Union of Swiss Cement, 
Lime, and Gypsum Manufacturers, 1934. 17 pp. Ab- 
stracted in Referat. Silikatliteratur, 3, 3273 (1936). 

M.V.C. 


PATENTS 
Ceramic catalyst and method of making. B.S. Rap- 
cuirFe. U.S. 2,061,848, Nov. 24, 1936 (June 12, 1935). 
Magnesium silicate electrical insulating composition. 
Epcar KuNSTMANN (Steatit-Magnesia A.-G.). U. S. 
2,062,914, Dec. 1, 1936 (Oct. 4, 1933). 
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Manufacture of cement. Pierre Corrru (Soc. des 
Ciments Francais et des Portland de Boulogne-sur-Mer et 
Compagnie des Portland de Desvres). U. S. 2,061,140, 
Nov. 17, 1936 (March 30, 1934). The process for the 
manufacture of white cement clinker comprises clinkering 
the typical Portland cement mix in a furnace to incipient 
fusion, removing the clinkered materials immediately 
after clinkering while they are at a temperature substan- 
tially equal to the maximum temperature they attain 
in the furnace, and immediately cooling by water the 
clinkered material before the temperature thereof has had 
an opportunity of becoming lower than that at which the 
material leaves the furnace. 


Enamel 


Cost accounting in the porcelain enameling field. 
R. G. Carton. Enamelist, 13 [11] 23-27 (1936).— 
There have been, and perhaps still are, two methods of 
cost accounting. The historical method is compiled 
strictly from results obtained. The standard method 
seeks to determine in advance probable costs in the fu- 
ture. The standard method is described in detail. 

E.J.V. 

Electric furnaces for porcelain enameling. K. E. 
Kyo.etu. Gen. Elec. Rev., 39 [10] 479-86 (1936).—De- 
scriptions of furnaces used in the enameling industry, 
past and present, are given. The requirements of the 
enameling operation are given, and furnace types such as 
box, continuous, and semicontinuous electric furnaces are 
described and illustrated. The new U-shaped continuous 
furnace is described in detail, and operation data are given 
for hollow ware, flat ware, refrigerator linings and panels, 
and cast-iron ware. A conveyer layout for handling 
enamel parts in a plant using three continuous furnaces is 
included. L.E.T. 

Magnetic separation of porcelain enamel. H. W. 
Harman. Enamelist, 13 [11] 21-22 (1936).—The mag- 
netic separator is required to be powerful. The greatest 
possible number of poles should be directed to the flow of 
slip. The flow of the slip should permit sufficient time 
in the magnetic field. The separator should be readily 
cleansed after each batch has been run through. E.J.V. 

Microscopic studies of the reboiling phenomenon. 
D. S. CONNELLY AND J. O. Lorp. Jour. Amer. Ceram. 
Soc., 20 [1] 10-16 (1937). 

“Mineral spar’’ in the enamel industry. C. A. Orrers- 
BACH. Sprechsaal, 69 [35] 502-503 (1936).—Experiments 
showed that after treating a German rock with high feld- 
spar content (“‘mineral spar’’), although with an iron con- 
tent of over 0.6%, white transparent enamels can be ob- 
tained. The addition of potassium and natrium nitrate 
counteracted the effect of iron. M.V.C. 

Porcelain enamel and architectural decoration. Wu- 
BUR D. Rippie. LEnamelist, 13 [10] 33-34 (1936).—-R. 
discusses the work of H. Edward Winter in producing 
large decorative enamel projects and solving many of 
the problems of applying transparent enamels to rolled 
sheet copper. Illustrated. E.J.V. 

Progress in enameling technique. A. KARSTEN. 
Metallbérse, 25, 225-26 (Feb. 20, 1935); Metals & Alloys, 6 
[10] MA406 (1935).—Various reasons for decreasing 


commercial utilization of the enameling process are dis- 
cussed. Recent investigations on thermal expansion are 
reviewed (Bureau of Standards). A modified Schoop 
spray gun is now available which is suited for spraying 
and patching up enamel coatings. The internal stresses 
in sprayed enamel coatings are materially lower than in 
coatings made by the ordinary process, and adhesion is 
considerably better. 


BULLETINS 


Handbook on design of metal parts for porcelain enamel- 
ing. ANON. Technical Research Section, Educational 
Bureau, Porcelain Enamel Inst., Inc., Chicago, Ill. No. 1, 
16 pp. Price 10¢. Reviewed in Ceram. Age, 27 [4] 102 
(1936).—This handbook deals with pressed steel shapes 
for porcelain enameling purposes. It presents a definite 
attempt at standardization for certain phases of enamel- 
ing work which can readily be so classified. Information 
is given on proper gage of metal to be used, importance of 
correct fabrication, and design and allied factors. The 
book is replete with line illustrations to make thoroughly 
clear the different points discussed. A number of con- 
struction details are considered, including brushing, at- 
tachment devices and holes, and assembling suggestions. 

F.G.H. 

Opacifiers in wet and powder enamel. L. Sruckerr. 
P. Oldenbourg, Munich, 1936. 35 pp. Reviewed in 
Referat. Silikatliteratur, 3, 3219 (1936).—The effect of 
various opacifiers on the coating power, bending strength, 
solubility, and opacification was studied. It was found 
that (1) various opacifiers have a different effect on the 
coating power of enamels; tin oxide has the best effect. 
(2) Tin oxide (addition of 4%) increases the resistance 
to breaking. Opacifiers which produce gas opacification 
have an unfavorable effect. Cerium oxide has a favorable 
effect in enamels fired correctly. (3) Pure opacifiers, es- 
pecially tin oxide and sodium meta-antimonate, increase 
thermal resistivity of enamel; Albanin and Zinnolin (trade 
names for tin opacifiers) lower thermal resistivity con- 
siderably. (4) All opacifiers lower solubility of enamel 
batches. Tin oxide increases chemical resistance of 
enamel. (5) Opacification of the enamel depends on the 
difference of the refractive indices of enamel and opacifier. 
It is affected by particle size of the opacifier, number of 
optical heterogeneous surfaces, and chemical attack of 
the enamel on the opacifier. (6) Tin oxide has the great- 
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est opacifying power. It is concluded that tin oxide is 

the best opacifier with regard to physical and chemical 

effects on enamel. M.V.C. 
PATENTS 


Cast-iron porcelain enameled tiling. C. F. We ts. 
U. S. 2,061,263, Nov. 17, 1936 (Feb. 12, 1934). 

Furnace for enameling, heat treating, etc., and process of 
applying heat therefor. W.A. Darran. U. S. 2,062,642, 
Dec. 1, 1936 (May 12, 1933). A heating device consists of 
a heating chamber, a movable support for work in the 
heating chamber, an insulated housing, a horizontally 
extending combustion chamber located in the lower 
portion of the housing, a rigid heat-resisting shell surround- 
ing the combustion chamber, a refractory lining within 
the shell, a discharge duct leading products of combustion 
from the combustion chamber, and a yieldable removable 
sealed joint between the shell and the duct for removing 
products of combustion from the combustion chamber 
without leakage into the housing, the joint being arranged 
to yield in both a horizontal and vertical plane to com- 
pensate for movements of either the shell or the duct 
while maintaining the joint tight. 
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Manufacture of enamels, glazes, etc. Sioro Ges. 
Brit. 456,714, Nov. 25, 1936 (May 22, 1935). 

Manufacture of metal utensils. W. T. CurisTMAN 
(Federal Enameling & Stamping Co.). U. S. 2,060,038, 
Nov. 10, 1936 (Nov. 12, 1934). 

Process for making white clouded enamel. I. Krerpv. 
Brit. 455,771, Nov. 11, 1936 (Sept. 25, 1935). 

Production of glass-coated iron or steel articles. W.W. 
Groves (O. Hommel Co.). Brit. 455,951, Nov. 11, 1936 
(Jan. 10, 1936). 

Vitreous enamel and method of making. C. J. Kinzie 
(Titanium Alloy Mfg. Co.). U. S. 2,063,252, Dec. 8, 
1936 (Feb. 9, 1934). In the method of making blue 
colored vitreous enamels, the steps for making the enamel 
slip comprise smelting a raw batch of enameling materials 
substantially in the following proportions in parts by 
weight: sodium zirconium silicate 26.43, aluminum 
hydrate 8.06, potash feldspar 9.20, quartz 20.04, sodium 
nitrate 3.50, borax 32.50, fluorspar 5.41, cryolite 3.44, 
zine oxide 12.07, and white titanium oxide 10.00 to form a 
frit, and then milling the frit with clay and water to form 
the enamel! slip. 


Glass 


Behavior—and misbehavior—of glass in tanks. F. W. 
Preston. Bull. Amer. Ceram. Soc., 15 [12] 409-33 
(1936). 

Characteristics of hollow bodies dispersing light. H. 
ScHONBORN. Sprechsaal, 69 [24] 342-43 (1936).—Defini- 
tions and methods of testing of hollow glass bodies are 


given. Illustrated. M.V.C. 
Corning Glass Co. spins glass wool. Anon. Nat. 
Glass Budget, $2 (22) 10 (1936). M.C:S. 


Effect at high temperature of hydrogen on alkaline 
glasses. M.A. Forx. Compt. Rend., 203 [18] 875-77 
(1936).—The phenomenon that a glass tube through 
which flows H containing 1% O is devitrified when heated 
to 750° to 950°C was investigated more closely on differ- 
ent glasses with a Si, Na, or K basis. All suffered losses 
in proportion to the surface exposed to H. The losses 
are due to the fact that alkaline glasses in a reducing 
atmosphere lose the alkali at 850° to 1150°C, and H at- 
tacks the glass much more strongly as the viscosity de- 
creases. This action favors devitrification. M.H. 

Effect of radiation of radon on different kinds of glasses. 
JOHANNA WIESTHAL. Wiener Anz., No. 7-8, p. 52 (1936); 
abstracted in Physik. Ber., 17 [15] 1405 (1936).—The 
effect of gamma and alpha rays of Ra emanation on glasses 
was investigated by measuring the solubility of the glass 
before and during radiation. It was found that the 
solubility is increased by radiation. M.H. 

Evolution of enameling on cast iron. ANon. Email- 
waren, Ind., 13 [38] 310-15 (1936).—The idea of coating 
iron objects with a glaze was first conceived by Johann 
von Justi toward the middle of the 18th Century. In 
1788 cast-iron pieces were enameled at Kénigsbronn but 
the material used is not known. Moritz Vogelgesang 
published a book on the technique of enameling. The 
enamel was fused in crucibles surrounded by charcoal or 
coke and provided with an outlet below. These crucibles 
were still in general use in 1900 and are used at present 


for small batches, especially majolica. Pots have been 
replaced almost entirely by tank furnaces. The latest 
stage of evolution is the rotary gas or oil furnace with 
discontinuous fusion. Further details of the changes 
which have taken place are given. M.V.C. 
Fibrous glass, new industrial aid. ANon. Amer. 
Glass Rev., 55 [51] 9 (1936).—Fibrous glass is finding 
widespread use as a material of construction and as a 
textile fiber. In construction work it is used chiefly 
as an insulating material. See Ceram. Abs., 15 [10] 297 
(1936). M.CS. 
Fused (opaque) quartz, a German construction material. 
A. vON BEAULIEU MARCONNAY AND T. FRANTZz. Chem. 
Fabrik, 9, 27-28, 299-309 (1936).—German fused (opaque) 
quartz is made from native sand, analyzing 99.86 to 
99.94% SiO,. A diagram shows the melting point of many 
common substances and metals in comparison to fused 
quartz. The latter has a melting point of 1725°C. Fused 
(opaque) quartz has its color from the enclosed gas bubbles 
of microscopic size. At the melting point the material is 
very viscous, similar to cold tar or warmed asphalt. A 
temperature range of approximately 150°C is available 
for molding the fused quartz into shapes. Lower plasticity 
temperature is 1500°C. Melting furnaces past and present 
are discussed. Large and heavy containers and parts 
for the chemical industry are now made in Germany. 
The physical, electrical, and chemical properties of opaque 
fused quartz are tabulated. Illustrated. See Ceram. 
Abs., 14 [11] 275 (19385). L.E.T 
Gilard’s course in the physicochemistry of glass. ANoN. 
Verre & Silicates Ind., 7 (29) 345 (1936).—The subject 
matter of the course in the physicochemistry of glass 
given at the University of Liége has been condensed into 
two volumes by M. P. Gilard, in charge of the course. 
The work is well documented and synthesizes all that is 
known of the physicochemistry of glass. Among the 
subjects taken up are (1) the vitreous state of matter, (2) 
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classification of the components of glass into vitrifying 
materials, fluxes, stabilizers, and secondary elements, 
(3) all methods applicable to the determination of fusion 
and transformation points, (4) devitrification, (5) refining, 
(6) coloration, and (7) constitution of glasses. M.V.C. 

Glass cements and putties. W.R. Hacker. Kunst- 
stoffe, 26 [8] 163-64 (1936).—Putty for glass consists 
usually of 85% solid material, such as finely ground chalk 
for white putty, iron oxide or red lead for red, and ferrous 
oxide for black putties. These materials are mixed with 
15% linseed oil or mineral oils, the latter for quicker drying. 
About 20 cements and putties for glass joints are listed 
with their compositions, such as lead-glycerine cements 
for containers, cements for joints between glass and 
wood, and cements for glass-metal joints, such as in- 
candescent lamp bulbs. L.E.T. 

Glass and ceramic materials (in the food industry). 
Anon. Food Ind., 8, 137-38 (1936); Brit. Chem. Abs.—B, 
55 [27] 594 (1936).—A table of the chemical and physical 
properties of glass, glass lining and piping, chemical 
stoneware, and brick and tile for use in a food-manufac- 
turing plant is given. 

Glazing problems in aircraft cabins. R. A. MILLER. 
Aero Digest, 29 [3] 22-23, 82 (1936).—Strength of glass 
and shatterability are discussed for various types of 
laminated glass. Impact tests of perfect window glass 
show a variation of 100% above to 50% below the average 
value. W.H.B. 

Manufacture of colored glasses. R.W.D. Verre & 
Silicates Ind.,'7 [25] 293-97 (1936).—The use of gold chlo- 
ride in the preparation of red glasses gives pure, pale rose 
to deep purple colors in crystal glasses, but foreign coloring 
substances must be absent. The intensity of the color 
depends on the proportion of gold. Not more than 150 
kg. of glass should be treated at a time, and the fusing 
temperature should be high to avoid the brownish red 
tint. Red glasses are little affected by oxidizing or re- 
ducing atmosphere. Gold ruby glass is produced by the 
colloidal dispersion of gold, and the tone depends on the 
size and number of particles. Copper ruby glass is cheaper 
but more difficult to make. A lead oxide base is most 
often used with about 2% copper oxide. High tempera- 
ture and a reducing atmosphere are required for fusion; 
2% borax facilitates preparation. Gold ruby glasses 
have a violet tint, while copper ruby glasses are orange 
red or blood red; the latter are less permeable to actinic 
rays and therefore are often used for dark rooms for photog- 
raphy. Selenium red glasses require skill to prepare as 
they are susceptible to the oxidizing and reducing action 
of combustion products. The coloration depends on the 
nature of the glass; easily fusible glasses give the best 
results. With modern equipment and the optimum 
conditions ascertained, the desired color can always be 
obtained. Oxides of rare earths, cerium, neodymium, and 
praseodymium, have a strong coloring power. Glasses 
so colored have a pure, brilliant color, are dichroic, and 
absorb a limited portion of the spectrum. Neodymium 
gives a blue-red tint. Ruby red tints are obtained with 
neodymium and selenium combined. Yellow glasses are 
obtained by (a) carbon with a sulfur compound, ()) oxide of 
manganese with iron oxide, (c) cadmium sulfide with oxide 
of uranium and potassium bichromate, (d) silver, and (e) 
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cerium. A good yellow gold is produced by cerium and 
titanium oxides combined and shows best in potassium 
glasses free from iron oxide. Green glasses are colored 
with iron, chromium, and copper oxides and when these 
oxides are combined, a whole series of greens can be ob- 
tained. Lime glasses are easily colored green. Cobalt 
blue glasses are easily made. Very little Co,O,; is re- 
quired; the temperature must be high and the atmosphere 
oxidizing. Copper blue glasses are prepared in the same 
way although more CuO is required. Cobalt blue gives a 
violet tint and copper a green tint; a combination of the 
two gives a great variety of tones. Violet glasses are ob- 
tained when manganese is added to a normal composition 
of a soda-lime glass at high temperature and in an oxidiz- 
ing atmosphere. MnO, content is 4 or 5 kg./100 kg. 
sand. Half that amount gives a rose glass with a violet 
tint. M.V.C. 

Manufacture and properties of beryllium glasses. 
A. Karsten. Verre & Silicates Ind., 7 [26] 310-11 
(1936).—The preparation of glasses with beryllium 
fluorides in the presence of other fluorides of diverse 
nature is studied, ¢.g., (1) double fluoride of beryllium 
and potassium, (2) double fluoride of beryllium and 
sodium, (3) double fluoride of beryllium and magnesium, 
(4) double fluoride of beryllium and aluminum, and (5) 
double fluoride of beryllium and cobalt. The properties of 
these different glasses are given. M.V.C. 

Modulus of elasticity of glass: I, Preliminary studies: 
(a) effect of thermal history; (b) effect of temperature 
change. Guy E. Sronc. Jour. Amer. Ceram. Soc., 20 
{1] 16-22 (1937). 

Properties and manufacture of bullet-proof glasses. 
T. Pescn. Sprechsaal, 69 [23] 328-29 (1936).—Tests of 
the resistance of multilayer safety glass to various missiles 
(rifle and pistol bullets) and its manufacture are briefly 
dealt with. M.V.C, 

Researches on the coloration of glass by cementation. 
P. AND L. Verre & Silicates Ind., 7 
[28] 329-31; [29] 342-45; [30] 353-56 (1936).—The 
coloration of glass by cementation (the name suggested 
by A. Lecrenier, Ceram. Abs., 13 [3] 52 (1934)) differs 
from ordinary coloration in many respects. A colorimet- 
ric study of cementation by silver was made with the aid 
of the ocular cell of Lange. The nuance and intensity 
calculated according to transparency were used to char- 
acterize the glasses. The formation of the color proceeds 
by the progressive absorption of blue and then of green; 
red is transmitted almost completely. First there is an 
increase in the intensity without much change of tint, 
after which the tint varies without the intensity being 
affected. This permits the defining of an “effective con- 
centration’’ of secondary components, where the varia- 
tion of intensity ceases to be appreciable. The influence 
of secondary constituents is specified. The favorable 
effect of As,;O;, Sb,O;, SnO, CdS, FeO, NaCl, Ce,0,;, and 
especially As,O; + KNO, is confirmed together with the 
unfavorable action of nitrates and selenium. The in- 
fluence of MnO, Am,SO,, Na;SO, + C, fluorine, and cryo- 
lite is weak or variable. The rédle of the essential con- 
stituents is not so clear. A discussion is given of the 
theory of Bogitch (sbid., 13 [10] 277 (1934)) who attributes 
the coloration to the silicate of silver. Using the colora- 
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tion and silver content of Bogitch as a basis, the authors 
see the confirmation of their theory, according to which 
the silver introduced in glass by diffusion is there reduced 
and the metallic silver in suspension causes the yellow 
coloring. The comparison with hydrosols of silver is 
favorable to this opinion. The transparency curves of 
“cemented glasses” are given. Réntgenographic exami- 
nation does not prove the existence of elementary silver, 
but this result can be explained. Recent tests on cementa- 
tion with copper proved that potash, if more favorable 
than soda, is less so than is believed. The stabilizers are 
given in the order of their diminishing activity: MgO, 
ZnO, CdO and B,O,, Al,O;, CaO, BaO. The rdle of sec- 
ondary constituents is difficult to specify; it is favorable 
for SnO, FeO, C, As,O,, CdS, Am,SO,, As,O; + KNO,; 
variable or weak for MnO, Sb;O;, CaF;, NasSO, + C; 
and injurious for nitrates, NaCl, and Ce,O,. The colora- 
tions obtained, which vary greatly, can be explained by 
supposing the possibility of the existence in the glass of 
four distinct forms of copper: (1) a blue-green or blue 
cupric silicate, (2) a cuprous yellow complex, (3) a color- 
less cuprous silicate, and (4) metallic copper. The equilib- 
rium between these is sensitive and difficult to study. 
The reduction of Cu” to Cu’ is more difficult than that of 
Cu’ to Cu. The reduction CusO - CuO + Cu can be 
very injurious in cementation. M.V.C. 
Tempered glass and its characteristics. ANON. Ceram. 
Age, 26 [2] 57-58 (1935).—The chemical and physical 
properties of tempered glass are described and illustrated. 
F.G.H. 
Testing intermediate layers for safety glass. T. 
Pescu. Sprechsaal, 69 (26) 370-71 (1936).—The testing 
of solubility and swelling properties of intermediate layers 
of multilayer glasses is discussed in detail. M.V.C. 
Theoretical and experimental demonstration of the 
absurdity of using buffered solutions in testing the nev- 
trality of glass. M.Cr1. Boll. Chim.-Farm., 75, 157-65 
(1936); Brit. Chem. Abs—B, 55 [27] 594 (1936).—The 
paper is polemical against Mauri (see ““Phials—’’ Ceram. 
Abs., 15 [6] 177 (1936)), who recommends the use of 
buffered to neutrality by means of KH; PO, and Na;,H- 
PO,. Such a solution requires more alkali to bring it to a 
given degree of alkalinity than is required by distilled 
H,O containing enough CO, to bring the initial px to 5.6. 
The production of turbidity in 2% strychnine nitrate 
solution forms a sensitive test for alkalinity. 
Use of models for studying the circulation in glass tanks. 
Epcark BucxincHaM. Jour. Amer. Ceram. Soc., 20 [1] 
1-10 (1987). 


BOOKS AND BULLETINS 
Development of American Glassmaking; Fourth Ex- 
hibition of the National Early American Glass Club. 
Lura Woopsipe Warkins. National Early American 
Glass Club, Boston, Mass. Price $1.50. Reviewed in 

Ceram. Age, 27 [4] 103 (1936). F.G.H. 
How glass bottles are made. ANoN. Whilall Tatum 
Co. Booklet, 16 pp.; reviewed in Ceram. Age, 26 [5] 
204 (1935).—Information on the manufacture of many 

varieties of glass containers is given. F.G.H. 
Insulation of glass furnaces. ANon. Fachausschuss 
Ber. (Deut. Glastech. Ges.), No. 1, 15 pp. (1926).— 
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This paper deals with (1) properties and applications of 
heat-insulating materials, (2) heat-saving computation, 
(3) insulation practice applied to chambers, crowns, and 
burner ports of glass furnaces and to annealing leers, and 
(4) comparative results obtained with different insulation 
processes. The heat balance of glassmelting furnaces 
shows that a large proportion of the amount of fuel used 
for firing a glass furnace (about '/; to '/, of the whole fuel 
consumption) is lost in the for:n of radiated heat, in the 
ambient air, by the walls of the furnace. This loss of heat 
may be reduced either by increasing the thickness of the 
walls or by means of a lining of an insulating material 
applied on the outer surface of the wall. The efficiency 
of these linings is five to ten times that of a brickwork of 
the same thickness. Stagnant air trapped into hollow 
brickworks or cavity walls is a good insulating medium, 
but the process cannot be depended upon on account of 
cracks unavoidably developing in the brickwork. Solid 
materials used for heat-insulating purposes are character- 
ized by a low coefficient of heat transmission, and they 
must be fireproof to a certain extent; diatomaceous earths 
are the most important source of supply for these mate- 
rials. Comparative heat-transmission values are given 
for building materials and for insulating materials, and 
practical insulation devices are discussed. R.W.D. 
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Annealing process. Howarp Scorr (Westinghouse 
Electric & Mfg. Co.). U. S. 2,062,836, Dec. 1, 1936 
(Oct. 15, 1935). A process for annealing glass-to-metal 
seals consists in cooling the united materials from the 
fusing temperature to a temperature below the strain 
point of the glass, holding at that temperature for a time 
sufficient to release a major portion of the stresses in the 
sealed materials, and then cooling at any convenient rate 
to atmospheric temperature. 


Apparatus for: 

Cutting a moving strip of glass. Pmuxincron Bros., 
Lrp., AND J. Gasketr. Brit. 456,822, Nov. 25, 1936 
(May 16, 1935). 

Feeding molten glass. E. C. Srewarr (Hartford-Empire 
Co.). U.S. 2,060,475, Nov. 10, 1936 (June 15, 1934). 
Grinding the edges of glass plates. Trrecex (North- 
ern), Ltp., AND L. J.-B. Forses. Brit. 456,521, Nov. 
25, 1936 (April 9, 1935). 

Holding glass plate during tempering. L. J.-B. Forpes 
(American Securit Co.). U. S. 2,062,567, Dec. 1, 1936 
(June 3, 1935). 

Making articles of metal and glass. F. J. Ma.ioy 
(General Electric Co.). U. S. 2,063,109, Dec. 8, 1936 
(Jan. 12, 1935). 

Tempering glass. F. A. (F. C. Gordon). 
455,300, Oct. 28, 1936 ( April 17, 1935). 


Borosilicate glass containing cerium. CorNniING GLass 
Works. Brit. 455,082, Oct. 28, 1936 (July 30, 1935). 

Cam mechanism for use in machines for the produc- 
tion of articles of glass. W.B. Mircne:.. Brit. 455,- 
848, Nov. 11, 1936 (April 25, 1935). 

Cover for molten glass containers. C. C. KivKER 
(Owens-Illinois Glass Co.). U. S. 2,061,661, Nov. 24, 
1936 (Aug. 15, 1934; renewed May 14, 1936). 


Brit. 
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Driving mechanism for glassware forming machines. 
A. G. Lauck (Owens-Illinois Glass Co.). U.S. 2,061,663, 
Nov. 24, 1936 (July 13, 1935). 

Feeder for thermoplastic material. F. L. O. Wapns- 
wortH (Ball Brothers Co.). U. S. 2,062,622, Dec. 1, 
1936 (July 11, 1933; renewed Feb. 28, 1936). 

Galilean field glasses. E. Buscn A.-G. Opriscue 
Inpustrig. Brit. 455,777, Nov. 11, 1936 (July 6, 1935). 

Glass feeder for suction molds. S. G. Sruckey (Obear- 
Nester Glass Co.). U.S. 2,063,565, Dec. 8, 1936 (Dec. 6, 
1929). 

Glass feeding apparatus. A. H. Srewarrt (Ball Broth- 
ers Co.). U.S. 2,062,619, Dec. 1, 1936 (Jan. 21, 1935). 

Glass forming machine. Epwarp Muicier (Lynch 
Corp.). U.S. 2,062,522, Dec. 1, 1936 (June 12, 1933). 

Glass metal seal. Howarp Scott (Westinghouse Elec- 
tric & Mfg. Co.). U.S. 2,062,335, Dec. 1, 1936 (July 5, 
1929). A vacuum tight seal between a glass containing 
substantially 73.8% SiOz, 0.5 As,O;, 5.2 PbO, 1.0 Al,Os, 
18.7 B,O;, and an iron base alloy containing substantially 
29.8 nickel, 15.5 cobalt, 0.22 manganese, and less than 0.1 
carbon. 

Glass tank feeding shelf. F. G. Scuwa.se (Toledo 
Engineering Co., Inc.). U. S. 2,061,213, Nov. 17, 1936 
(April 15, 1935). 

Glasses resistant to alkali metal vapors and methed of 
making. Corninc Giass Works. Brit. 455,460, Nov. 
4, 19386 (Nov. 6, 1934). Brit. 455,945, Nov. 11, 1936 
(Nov. 6, 1934). Brit. 456,551, Nov. 25, 1936 (Nov. 6, 
1934). 

Hardened vitreous article. H.R. Movu.ton (American 
Optical Co.). U. S. 2,060,104, Nov. 10, 1936 (May 28, 
1934). 

Luminous discharge lamps. CorNninc GLass Works. 
Brit. 456,325, Nov. 18, 1936 (Jan. 8, 1936). 

Machine for blowing bulbs. C. A. Brown anp C. E. 
(General Electric Co.). 2,060,659, Nov. 10, 
1936 (Dec. 12, 1934). 


Machine for cutting bars and tubes of glass. CHARLES 


Erster. U.S. 2,063,236, Dec. 8, 1936 (Feb. 20, 1936). 

Manufacture of compound glass. ROum & Haas A.-G. 
Brit. 455,410, Nov. 4, 1936 (Dec. 29, 1934). 

Manufacture of laminated glass. C. S. SHOEMAKER 
(American Window Glass Co.). U. S. 2,063,350, Dec. 8, 
1936 (May 6, 1933). 

Means for circulating glass in glass furnace gathering 
basins or forehearths. T. C. Moorsnueap (United Glass 
Bottle Manufacturer’s, Ltd.). U. S. 2,063,555, Dec. 8, 
1936 (March 4, 1935). 
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Method and apparatus for feeding glass. A. H. Srew- 
ART (Ball Brothers Co.). U. S. 2,062,620, Dec. 1, 1936 
(March 5, 1935). 

Method and apparatus for shaping glass. C. A. Brown 
AND C. E. Haun (General Electric Co.). U.S. 2,060,658, 
Nov. 10, 1936 (Sept. 29, 1933; renewed April 23, 1936). 

Method and device for producing single layered wire 
glass. ARMAND LAmeEscH (Schlesische Spiegelglas Manu- 
factur Carl Tielsch G.m.b.H.). U.S. 2,062,228, Nov. 24, 
1936 (July 5, 1934). 

Method of making borax glass. F.W. (Pacific 
Coast Borax Co.). U.S. 2,062,505, Dec. 1, 1936 (Oct. 1, 
1934). The method of making pulverized borax glass 
comprises fusing sodium tetraborate to produce a mol- 
ten mass of borax glass, subjecting a freely falling 
stream of the molten material to the action of an air 
blast of relatively low velocity and large volume to dis- 
integrate and chill it without the formation of stringers, 
thereby causing the molten borax glass to solidify in small 
particles, collecting the borax glass particles so formed, 
and grinding the borax glass particles. 

Method of making glassware. G. E. Rowe (Hartford- 
Empire Co.). U. S. 2,063,463, Dec. 8, 1936 (May 24, 
1935). 

Method of making and using a glass batch. B. A. 
JEFFERY AND F. H. Ripp_e (Champion Spark Plug Co.). 
U.S. 2,062,907, Dec. 1, 1936 (May 26, 1933). The method 
of forming a glass batch consists in forming a slip 
from glassmaking materials, mixing the materials uni- 
formly throughout the slip, and spray drying the slip into 
pellets. 

Method of strengthening glass, and glass articles pro- 
duced thereby. Corninc Giass Works. Brit. 455,751, 
Nov. 11, 1936 (Feb. 11, 1935). 

Plate glass turnover and transfer apparatus. R. D. R. 
ScuL. (Pittsburgh Plate Glass Co.). U.S. 2,062,732, 
Dec. 1, 1936 (Jan. 30, 1936). 

Rotary turret shear mechanism. F. L. O. Waps- 
worTtH (Ball Brothers Co.). U. S. 2,062,623, Dec. 1, 
1936 (Feb. 3, 1934; renewed Sept. 5, 1935). 

Safety glass. R. W. Wamp er (Libbey-Owens-Ford 
Glass Co.). U. S. 2,062,541, Dec. 1, 1936 (March 30, 
1932). 

Selective apparatus for and method of controlling flow of 
glass to tank or furnace forehearths. W. T. Honiss 
(Hartford-Empire Co.). U. S. 2,063,842, Dec. 8, 1936 
(Jan. 4, 1935). 
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Brick wall with metal foil insulation. Ropert TAPPan. 
Brick Clay Rec., 89 [2] 48 (1936).—An extremely simple 
method of installing thin metallic insulation on masonry 
walls consists of placing the metal between two furring 
strips, providing a */,-in. space on either side. E.J.V. 

Clay products and wall designs. D.P.OcpEN. Brick 
Clay Rec., 89 [2j 51-55 (1936).—O. discusses possible 
changes in the dimensions of standard clay products units 
and new methods of masonry design and construction. 
It is believed that the tendency in structural clay units 


will be toward greater overall dimensions and lighter weight 
per cubic foot of included volume. Illustrated. E_.J.V. 
Mixing water with clay for use in manufacturing brick, 
pipes, etc. T. Carrer. Claycraft, 9 [12] 605 (1936).— 
To produce a uniformly pugged clay, it is necessary that 
definite amounts of water and clay be fed to the pug mill. 
A device is described whereby a definite amount of clay 
can be constantly fed into the pug mill and a definite 


amount of water added by an automatic pump. 
M.C:S. 
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Softness-testing apparatus in the brick industry. J. 
RucKEeR. Tonind.-Zig., 60 [58] 718-19 (1936).—The 
apparatus used for testing softness of fine ceramic ware can 
be used successfully in the brick industry to determine 
the shaping capacity and degree of dryness. M.V.C. 

BULLETIN 

Cooling of paving tile in furnaces. F. W. Hisscue- 
MOLLER AND A. P. HAGENDORN. Communication of the 
laboratory of N. V. Viamovenstraatklinker, Nov., 1935. 
16 pp. Abstracted in Referat. Silikailiteratur, 3, 2906 
(1936).—Because this type of tile has a vitrified skeleton 
it developes strains if not properly cooled and is un- 
suitable for use. Attempts to prevent the formation of 
these strains are discussed in detail. M.V.C. 
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Apparatus for separating hollow brick from a hollow 
rod or column of clay, etc., and for closing the brick in 
one operation. A. H. Utiricn. Brit. 455,104, Oct. 28, 
1936 (Oct. 8, 1934). 

Brick. O. N. Y. Moro. U. S. 2,060,361, Nov. 10, 
1936 (Nov. 17, 1934). A load-supporting wall is com- 
posed of brick laid in a plurality of substantially horizon- 
tal rows, the brick having transverse grooves on their 
horizontal faces extending in a direction inclined to the 
longitudinal axes of the brick with mortar laid between the 
rows of brick and extending into the grooves. 

Brick. S.C. Porter (Globe Brick Co.). U. S. 2,060,- 
746, Nov. 10, 1936 (July 27, 1934). A brick comprises a 
substantially rectangular body having on one side outer 
pairs of transversely extending spaced integral lugs and a 
central pair of transversely extending spaced integral lugs, 
the lugs having a predetermined supporting area and the 
supporting areas of the central pair of lugs being longer 
longitudinally of the body than either outer pair of lugs, 
each outer pair of lugs being spaced from the central pair 
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of lugs a distance greater than the longitudinal length of 
the latter lugs. 

Building construction. NarHan Davinson. U. S. 
2,060,045, Nov. 10, 1936 (Sept. 23, 1935). A solid build- 
ing brick of substantially rectangular shape includes a 
series of grooves on one face thereof and a pair of irregular 
holes in the brick, one of the holes being opposite the 
endmost groove at one end of the brick and having its 
side wall adjacent the groove arranged to provide at least 
two bearing surfaces at different distances from the bot- 
tom of the groove, and the other hole being opposite an- 
other groove in the brick and also having the wall thereof 
adjacent the groove provided with at least two bearing 
surfaces. 

Building tile. H.C. anp L. W. Cockre 
U. S. 2,060,791, Nov. 17, 1936 (June 12, 1936). A hollow 
building tile has on its upper side a centrally arranged 
grip or handle part arranged above a void, there being 
one or more openings at the side or sides of the grip or 
handle part, which opening or openings communicate 
with the void, thus affording a clearance or clearances at 
the side or sides of and beneath the grip or handle part 
against or around which latter the hand of a person may be 
closed in handling or carrying the tile. 

Interlocking building block facing. ANTHony TRopt- 
Ano. U. S. 2,060,701, Nov. 10, 1936 (June 4, 1934). 
A facing for building blocks comprises a member formed 
to engage the face of a building block, oppositely and 
outwardly extending semiperipheral flanges formed on 
the member, the plane of one of the semiperipheral flanges 
being offset from the plane of the opposite semiperipheral 
flange for a distance equal to the thickness of the first men- 
tioned semiperipheral flange. 

Process for the manufacture of highly porous silica-lime 
stones. J. Apert. Brit. 456,562, Nov. 25, 1936 (March 
17, 1936). 
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Apparatus for study of heat-insulating mate ials for 
use at low and high temperatures. E.Grirrirns. Chem. 
Eng. Congress World Power Conference, B6, 6 pp. (1936); 
Brit. Chem. Abs—B, 55 [33] 719 (1936).—A summary 
of National Physical Laboratory methods for determining 
the thermal conductivity, in slab form, of materials used in 
refrigeration, building, steam, and furnace insulation is 
presented. 

Canadian refractories and their applic ions. F. E. 
LATHE AND N. P. Pirr. Chem. Eng. Congress World 
Power Conference, B1, 19 pp. (1936).—This paper deals 
with refractories developed by the National Research 
Council of Canada in coéperation with the Dominion De- 
partment of Mines and the Canadian producers of mag- 
nesian refractories. (1) A special refractory, consisting 
in the main of magnesia and lime, is described. This re- 
fractory is much more resistant to hydration by steam 
than commercial magnesite. It is used chiefly as a raw 
material for the manufacture of products in which resist- 
ance to hydration is an important requirement. (2) 
Success has been attained in the production of refrac- 
tories from such raw materials as dolomite, limestone, 
silica sand, serpentine, and tale. These are chosen to 


produce in the fired refractory a balance of basic and acid 
constituents within specified ratios. Magnesia is usually 
present as a relatively inert constituent. The refractories 
produced are characterized by high fusion point and re- 
sistance to hydration, as well as by freedom from the 
dusting which often takes place in dicalcium silicate. 
Numerous possible applications in the field of chemical 
engineering are suggested. (3) A refractory brick of 
very high spalling resistance has been developed by com- 
bining 30% of coarse chrome ore with 70% of fine mag- 
nesia-lime refractory and firing to develop a calcium sili- 
cate bond. Such brick are applicable in cement and lime 
kilns, boiler settings, steel furnaces, and in furnaces and 
converters used in the metallurgy of copper and nickel. 
(4) A mixture of similar composition has been chemically 
bonded to produce, in the unfired condition, a brick com- 
parable in strength with fired brick. These brick are 
being extensively used in cement kilns, where they are 
effecting important economies, and are also being tried 
in the general chemical engineering field. (5) Much 
work has been done on plastic refractories which can be 
rammed in place and used as a working surface in contact 
with molten metal and slag. One basic refractory of this 
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kind, containing three chemical bonds, is being widely 
applied for open-hearth furnace tap holes and other appli- 
cations requiring a material of good plasticity, resistance to 
metal and slag attack, and high strength at all tempera- 
tures. (6) Basic refractory cements have been developed 
by combining a fine magnesia-lime refractory with small 
proportions of other materials to develop good plasticity, 
together with chemical bonds to impart strength. They 
are used for laying up brickwork and for repairs and 
maintenance of brick surfaces in contact with furnace gases. 
(7) An acid refractory cement has been developed which 
does not immediately lose its contained water when ap- 
plied to silica brick of high porosity, but affords time to 
lay the brick with care. It may also be used in laying 
fireclay brick. A second acid cement is used as a matrix 
for the incorporation of acid refractories when cheap 
molded refractory masses are required or furnace walls 
are to be maintained by the application of refractories with 
a gun. F.E.L. 

Causes of destruction of refractory material during 
the process of manufacturing carbon black. I. Tara- 
NENKO AND L. Kuvatpina. Jour. Rubber Ind. [U. S. 
S. R.], 12, 320-21 (1935); Brit. Chem. Abs.—B, 55 [33] 
724 (1936).—The oil spilled on the refractory leaves ash 
on burning, which consists of low-melting fluxes (oxides 
of Fe, Ca, Mg, K, and Na). These penetrate into the 
pores and form an enamel which has an expansion coef- 
ficient different from that of the refractory. Fe oxide 
catalyzes the reaction 2CO — CO, + C at 400 to 500° and 
forms a swelling around the Fe spots in the refractory. 
High porosity increases deterioration. It should not ex- 
ceed 17 to 19 vol. %. Fe oxides should be > 1.20%. 

Cost estimate for aluminum from alunite. L.C. Pan. 
Chem. Ind. [China], 10, 1-12 (July, 1935); Metals & 
Alloys, 7 [8] MA423 (1936).—Based on a process of 
making Al from alunite through alum and calcining it to 
alumina, the cost of production is estimated at 17¢/lb. 
and the cost of plant and equipment at $1,700,000. K,.SO, 
will be a by-product. 

Elasticity of brick. SANRARELLA. Ingegnere, pp. 585- 
91 (1935); Bldg. Sci. Abs., p. 41 (1936); abstracted in 
Refrac. Jour., 12 [6] 344 (1936).—Elastic and strength 
tests were carried out on two groups of brick, (1) well 
fired and (2) underfired. The methods of preparing and 
testing the specimens are described in detail. Both groups 
gave good compressive and tensile strengths. The 
moduli of elasticity in compression and tension values 
obtained by group (1) were 5,404,800 Ib./sq. in. and 4,835,- 
900 Ib./sq. in., respectively, and in group (2) 3,555,800 
Ib./sq. in. and 3,413,600 Ib./sq. in. Specimens of group 
(1) however, gave lower compression strength (average 
5888 Ib./sq. in.) than group (2) (average 12,132 Ib./sq. in.). 

Preparation of fire elay for manufacturing by the plastic 
process. L. J. Syxes. Claycraft, 9 [12] 607 (1936).— 
To produce high-grade refractories with the necessary 
uniformity, very definite control must be exerted in the 
grinding of the clay or clays and grog, screening, propor- 
tioning, and mixing and tempering. M.C.S. 

Refractories for use in carbonizing furnaces. A. T. 
GREEN AND F. H. Crews. Chem. Eng. Congress World 
Power Conference, B2, 37 pp. (1936); Brit. Chem. Abs.— 
B, 55 [33] 739 (1936).—The following subjects are dis- 
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cussed: (1) life and causes of failure of retort settings, 
(2) physical changes in SiO, in relation to the use of SiO, 
refractories, (3) “under-load” softening of SiO,-Al,O, re- 
fractories, (4) action on refractories of gases containing 
H;,C, carbonaceous and Fe compounds, and alkali chlo- 
rides, (5) slag attack and spalling in vertical retorts, and 
(6) jointing cements. 

Refractory products with a mullite base. MarcsL 
Lérmncte. Verre & Silicates Ind., 7 [26] 307-309 
(1936).—Mullite is formed during the firing of silico- 
aluminous products, whether it is sillimanite, disthene, 
or kyanite. The difficulties encountered in the manu- 
facture of these refractories are known. The transforma- 
tion of kyanite during firing manifests itself by a great 
change of volume and hence density. This is the chief 
factor affecting the manufacture of mullite refractories. 
Another factor of equal importance is the effect of the 
bond. Experiments with mullite refractories are de- 
scribed and the results tabulated. The goal is to obtain a 
more homogeneous product by (1) manufacture by the 
dry method, (2) elimination of foreign bonds, (3) selec- 
tion of materials, and (4) rational firing of the products. 

M.V.C. 

Researches on the effect of carbon monoxide on refrac- 
tory materials. Leon Scueepers. Congr. Chim. Ind., 
15th Congress, Brussels, 2, 1003-11 (1935); abstracted ir 
Chem. Zentr., ii, 1778 (1936).—Dissociation of CO (2CO =. 
CO, + C + 39 cal.) often damages the refractory lining 
of blast furnaces, especially their inner part, between 
400 and .900°. The dissociation is strongly activated in 
the presence of various catalyzers, such as iron oxide. 
Experiments and a testing procedure are described for a 
series of materials, such as SiO,, porcelain, kaolin, fused 
aluminum, graphite, magnetic iron oxide, and bauxite, to 
determine catalytic action. Bauxite and natural mag- 
netite were found to be especially active. M.V.C. 

Steel production and refractories. KENNETH SEAVER. 
Brick Clay Rec., 89 [2] 56-57 (1936).—The production 
of steel and of refractories has been nearly parallel since 
1929, with about a month interval before demand for re- 
fractories increases or decreases, depending upon the 
trend in the steel operating rate. E.J.V. 

Testing and effect of reducing gases on grog brick for 
blast furnaces. Y. Tapoxoro. Chem. Eng. Congress 
World Power Conference, B8, 16 pp. (1936); Brit. Chem. 
Abs.—B, 55 [33] 739 (1936).—A comprehensive investi- 
gation of the properties of 30 Japanese refractories suit- 
able for blast-furnace use is described. The disintegra- 
tion of a brick by CO was most pronounced at 700° but 
appeared to be independent of the Fe;O; content. 

Types and characteristic properties of thermal insulating 
materials. M. Waxasucr. Jour. Fuel. Soc. Japan, 15, 
42-44 (1936); abstracted in Chem. Zentr., ii, 2595 (1936).— 
Thermal conductivity of various materials under different 
cofiditions is discussed. M.V.C. 

Use of quartz brick in gas ovens. P. I. Ho_mguisr. 
Swenska. Gasverksféreninges Arsbok [Part II, Reprint], 
10 pp. (1935); abstracted in Referat. Silikatliteratur, 3, 3300 
(1936).—H. reviews the general pyrometrical properties of 
quartz and silica brick. Variations in the quality of 
natural quartz rocks and methods of testing are described, 
with special regard to Rosiwal's geometric analysis of 
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rocks allowing the quantitative determination of residual 
quartz content. M.V.C. 
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Fused Magnesite; Its Use as a Refractory. Ya. 
Trudy Vsesoyus. Nauchno-Issled. Inst. 
Keram., No. 47, 72 pp. (1935); abstracted in Referat. 
Silikatliteratur, 3, 3105 (1936).—Mixes of fused magnesite 
and quartz (forsterite), unfired mixes, and mixes of fused 
magnesite with a fused magnesite bond, waterglass, and 
Sorel cement were studied. The brick were fired to 1580 
and 1610°C. Comparative tests with dead-burned mag- 
nesite brick showed that fused magnesite brick withstood 
from 14 to 27 chilling tests, while the former averaged 
only 5 chilling tests. Magnesia-silica brick showed no 
softening at 1750° under a load of 2kg./sq.cm. M.V.C. 

Mullite refractories. Anon. Mullite Refractories Co. 
Booklet, 16 pp.; reviewed in Ceram. Age, 27 [4] 104 
(1936).—Mullite refractory brick and cements and their 
principal uses are described. Illustrated. F.G.H. 

Processes Occurring during Destruction 
of Refractories in Steel Casting Furnaces. B. Ya. Prves. 
ONTI, Leningrad, 1935. 107 pp. Reviewed in Referat. 
Silikatliteratur, 3, 3104 (1936).—This book deals with (1) 
wear of silica brick in crowns of open-hearth furnaces 
(structural changes of brick, réle of the glass phase, 
mechanism of slag disintegration, and determination of 
the character of destruction from the appearance of the 
fracture); (2) quantitative characteristics of the wear of 
silica brick; (3) destruction of magnesite brick in open- 
hearth furnaces (characteristics of MgO brick, its proper- 
ties, destruction by slag, and reaction between periclase 
and slag); (4) destruction of silica brick and other refrac- 
tories in Bessemer converters; (5) various types of de- 
struction; and (6) crystallization of minerals in open- 
hearth furnaces. M.V.C. 

Refractory mortars and plastics. ANon. Babcock 
& Wilcox Co. Booklet; reviewed in Ceram. Age, 27 
[5] 142 (1936).—Refractory products and their selec- 
tion for different services are described. F.G.H. 

Researches in dry-press refractories: I, Relation of 
forming pressure to physical properties. R. E. Brircu. 
Ohio State Univ. Eng. Expt. Sta. Bull., No. 56, 50 pp. 
(1930). Price $1.00. When fire brick were pressed at 
pressures up to 6000 Ib./sq. in., green and fired strengths 
were greatly improved with high pressures. Crushing 
strength, load-bearing capacity, and ability to resist slag 
attack and abrasion were also improved. Decreased kiln 
marking and earlier maturing in firing were noted. Re- 
sistance to thermal spalling was decreased. Pressure 
cracking, caused by entrapped air, appeared to limit the 
pressure that could be used. Evacuation of the mold box, 
however, eliminated this difficulty. For Part II see 
Ceram. Abs., 15 [10] 304 (1936). R. F. REA 

Research puts the diatom to work. ANoNn. Johns- 
Manville Corp. Bull., 24 pp.; reviewed in Ceram. Age, 26 
[5] 204 (1935).—The production of diatomaceous earth 
products for insulating service is described and illustrated 

F.G.H. 


PATENTS 
Bond for silica brick, etc. Pickrorp, HOLLAND, & Co., 
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Lrp., AND R. J. Pickrorp. Brit. 455,526, Nov. 4, 1936 
(Aug. 15, 1935). 

Brick roofs for furnaces, etc. A.C. Compr anp W. H. 
Jounson. Brit. 455,040, Oct. 28, 1936 (March 6, 1935). 

Cast refractory and process of manufacturing. R. C. 
Benner (Carborundum Co.). U. S. 2,060,017, Nov. 10, 
1936 (April 27, 1934). The method of producing refrac- 
tory articles comprises forming a fusion of refractory 
oxides capable of solidifying to a crystalline state, causing 
generation of gas within the fusion, casting the fusion, 
chilling the casting to quickly encase it in a solidified crys- 
talline shell whereby a substantial volume of gas is en- 
trapped in the casting, and further cooling the casting to 
solidify it in the crystalline state. 

Checker brickwork construction for regenerators. J. G. 
Srem & Co., Lrp., anp J. F. Hysiop. Brit. 456,036, 
Nov. 11, 1936 (Dec. 2, 1935). 

Furnace wall and block unit for making. F. H. Banx- 
ERT (Chicago Retort & Fire Brick Co.). U.S. 2,061,822, 
Nov. 24, 1936 (April 12, 1935). 

Fused refractory composition. G. J. EasTeR AND 
CHARLES MCMULLEN (Carborundum Co.). U. S. 2,063,- 
154, Dec. 8, 1936 (Dec. 18, 1933). The process of treat- 
ing chromite ore comprises fusing chromite ore with iron 
oxide and at least 50% alumina in an electric furnace, con- 
trolling the reduction so that the ratio of iron oxide con- 
tent to chromium oxide content does not fall below the 
equimolecular ratio, and allowing the molten mass to 
cool slowly to form a homogeneous crystalline mass. 

Heat conducting walls. Carsorunpum Co. Brit. 
456,825, Nov. 25, 1936 (May 31, 1934). 

High temperature refractory. J. D. MorGan AND 
R. E. Lowe (Doherty Research Co.). U. S. 2,061,099, 
Nov. 17, 1936 (Sept. 24, 1934). A composition comprising 
zircon, electrically fused refractory compounds, and silicon 
bonded together by the reaction products of phosphoric 
acid is described. 

Porous refractory insulating cement. O. L. Jones 
(Illinois Clay Products Co. and F. E. Schundler & Co., 
Inc.). U.S. 2,063,102, Dec. 8, 1936 (July 24, 1933). A 
heat-resisting cement contains from 60 to 70% of exfoliated 
vermiculite, 20 to 30% of fire clay, and '/, to 2% of hair, 
the hair burning out under high temperatures to form 
numerous voids. 

Process of making chromite refractories. G. E. Seu. 
(E. J. Lavino & Co.). U. S. 2,060,697, Nov. 10, 1936 
(Oct. 10, 1935). The process of making a fired chromite 
refractory from natural chrome ore characterized by a 
substantially high softening point due to the conversion 
of at least a substantial portion of the low melting point 
gangue into a refractory material without decomposition 
of the chromite spinel of the ore comprises heat-treating 
chrome ore in the presence of a magnesium salt furnishing 
magnesium oxide after ignition, at a temperature at least 
equal to the firing temperature of the refractory, the 
magnesium salt being present in an amount sufficient to 
furnish magnesium oxide to convert at least a substantial 
portion of the low melting point gangue into forsterite but 
insufficient to decompose the chromite spinel of the ore, 
grinding a portion of the treated ore to form relatively 
coarse granules, grinding another portion thereof to form 
relatively fine particles, tempering a suitable mixture of 
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the coarse and the fine treated ore, and thereafter shaping 
and firing the mass. 

Production of refractory brick. Konrap ERDMANN. 
U. S. 2,063,543, Dec. 8, 1936 (Aug. 3, 1933). A process of 
producing refractory brick from refractory material con- 
taining a high percentage of magnesia comprises grading a 
ground material containing particles ranging from finest 
powder up to a size of above approximately 1000, into a 
fine fraction consisting of particles of a size up to ap- 
proximately 100s, an intermediate fraction consisting of 
particles of a size between approximately 100 and 1000,, 
and a coarse fraction consisting of particles of a size above 
approximately 1000y, the relative amounts of the frac- 
tions being so adjusted that the final ratio between the 
fine, intermediate, and coarse fractions is as (20 to 40): (15 
to 25): (35 to 65); adding aluminous material to provide 
in the finished refractory body a percentage of Al,O, 
amounting to 2 to 6%, molding the brick, and firing. 

Refractory brick for lining rotary furnaces. Oster- 
REICHISCH AMERIKANISCHE MacGNesit A.-G. Brit. 455,- 
809, Nov. 11, 1936 (Aug. 14, 1934). 

Refractory lining support for furnaces. J. W. Corris- 
TON (Raymond E. Griffith). U.S. 2,063,229, Dec. 8, 1936 
(Jan. 29, 1936). 

Refractory lining support for home heating units. 
J. E. Mees (John W. Corriston). U.S. 2,063,261, Dec. 8, 
1936 (March 2, 1936). 
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Silica brick and method of making. R. P. HEUER 
(General Refractories Co.). U.S. 2,062,005, Nov. 24, 1936 
(Aug. 11, 1934). The process of making silica refractory 
brick of second quality for use in regenerative checkers 
and the like consists in grinding salvaged silica refractory 
material previously used as first quality material in a 
furnace construction, in grading the ground material into 
larger particles retained on a 30-mesh per linear inch 
screen, intermediate particles, and smaller particles, in 
mixing larger particles and smaller particles with not 
more than a relatively small proportion of intermediate 
particles and with a binder, in molding the moistened mix 
into brick under pressure exceeding 1000 Ib./sq. in., and in 
drying the brick. 

Way of manufacturing fireproof nozzles for ladles. 
Govert (Allmanna Svenska Elektriska Aktie- 
bolaget.). U. S. 2,063,377, Dec. 8, 1936 (March 22, 
1935). A method of producing a fireproof nozzle for a 
metal-pouring ladle comprises applying to the pouring hole 
of the fireclay body of the nozzle a wear-resisting lining 
material such as magnesite in an unburned condition, 
heating the lining material to a temperature substantially 
lower than its burning temperature, and subsequently 
burning the wearing surface of the lining material to 
sintering by contact with the metal flowing through the 
nozzle. 


Terra Cotta 


Advances in stoneware. E. Rapatp. Werkstoffe & 
Korrosion, 11 [10] 71 (1936).—R. reviews the improve- 
ments which have been obtained in recent years in the 
physical properties of stoneware (earthenware) apparatus, 
especially those used in the chemical industry. In par- 
ticular, the heat conductivity has been increased by addi- 
tions of ferrosilicon or silicon carbide, ¢.g., to 0.0046 cal./- 
em./sec./°C in the range from 20° to 100°C, which is 
21% better than hard porcelain and only '/,; of the con- 
ductivity of Pb. Additions of corundum have resulted 
in particularly wear-resistant masses which can be used for 
many shapes otherwise not possible, e.g., for the rotating 
parts in exhausters, pumps, conveyers for cellulose, etc. 
The following figures are given: 


New stoneware 
190 kg./cm.? 
350 oe 
3200 
0.0065 cm.?/sec. 0.0116 cm.*/sec. 
M. H. 


Older stoneware 


Tensile strength 70-100 kg./cm.? 
Bending strength 200 “ 

Compressive strength 
Temperature conduc- 


tivity 


1500 “ 


Convenient tiling by Lockon. JoHN Bourke. Keram. 
Tile Jour., 8 [8] 10° (1936)—The Lockon system for 
setting tile is an extremely simple yet durable method. 
The tile are first clamped onto a metal framework and 
then grouted similarly to the other tile installations. 

M.CS. 

Large clay slabs for low-cost walls. FRANK F. RAINE 
ayp Paut E. Cox. Brick Clay Rec., 89 [3] 88 (1936).— 
As a result of trying to fulfill a desire for clay slabs 4 ft. 
x 2 ft. x 2 in., with a glazed surface to eliminate addi- 


tional cost for finish of either outer or inner walls, ex- 
periments were carried out in applying the method of 
manufacturing puddled abrasive wheels to the problem. 
Using 50 parts of grog to pass a No. 8 lawn, 29 parts of 
enamel frit with 9 parts plastic clay, and just enough 
water to temper it for handling without floating out any 
of the bond, the mix is molded in a greased metal mold. 
After drying, a longer firing schedule than that used with 
solid clay products is necessary due to the open structure. 
Results obtained indicated that with some further work 
this method of production would be practical. E.J.V. 
Manufacture of salt-glazed stoneware pipes and fittings. 
A. CoutHon. Rev. Mat. Constr. Trav. Pub., No. 318, pp. 
41-43B; No. 319, pp. 59-62B; No. 320, pp. 76-78B; 
No. 321, pp. 85-88B; No. 322, pp. 107-109B; No. 323, pp. 
125-27B; No. 324, pp. 136-40B (1936).—The principles 
and operation of different presses and other apparatus 
used in the manufacture of stoneware pipes are discussed 
at length. Stoneware accessories used for pipe connec- 
tions are next taken up. See Ceram. Abs., 16 [1] 19 
(1937). ° M.V.C. 
Old and new stoneware. Frirx SINGER. Ceram. Age, 
27 [2] 7-9 (1936).—Developments in the physical proper- 
ties of stoneware since 1921 are briefly described. Illus- 
trated. F.G.H. 
Scientific manufacture of a ceramic building product: 
stoneware tile. F. CHALameL. Rev. Mat. Consir. Trav. 
Pub., No. 318, pp. 35-38B; No. 319, pp. 56-57B; No. 320, 
pp. 74-76B; No. 321, pp. 84-85B; No. 322, pp. 104-107B; 
No. 323, pp. 120-24B; No. 324, pp. 129-32B (1936).—An 
exhaustive study of all aspects of firing is given. The 
sorting of finished products, their study and defects, and 


4 
> 


1937 


the remedies are dealt with in detail. See Ceram. Abs., 15 
{6] 194 (1936). M.V.C. 
Stoneware in chemical plant construction. A. Hick- 
MAN, G. N. Hopson, ano W. E. Sprers. Chem. Eng. 
Congress World Power Conference, B3, 20 pp. (1936); 
Brit. Chem. Abs.—B, 55 [33] 739 (1936).—The develop- 
ment of modern stoneware, its properties, correct use, 
and future possibilities are discussed. The correct 
method of installation of a stoneware tank is described 
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in detail. The difference in physical properties, ¢.g., ther- 
mal expansion and conductivity, etc., of stoneware and 
metal must be taken into account when the two materials 
are installed in conjunction. 


PATENT 
Roofing tile. C. Lupowict KOMMANDITGES. AUF 
ARTIEN. Brit. 456,256, Nov. 18, 1936 (March 5, 1935). 


Whiteware 


Alsimag 196, a new ceramic insulating material for 
high-frequency purposes. HaNs THURNAUER. Radio 
Eng., 15, 15-16, 25 (1935); Chem. Abs., 30 [2] 587 (1936).— 
A group of steatite materials possessing accuracy of di- 
mensions and low cost has been developed. Steatite is a 
ceramic material based on lava, talc, or soapstone which 
differ principally in crystalline structure. The finely 
pulverized raw materials are mixed with fluxes and dried 
or fired as required. The steatite bodies possess high 
electrical resistance and very low dielectric loss. The 
physical and electrical properties of various materials used 
as insulators for high-frequency purposes are tabulated. 
In Alsimag 196, porosity has been cut down to nil even in 
pressed pieces; the power factor is nearly as low as that of 
transparent fused quartz. Uses for this new steatite 
product include receivers and transmitters where high- 
frequency apparatus, low dielectric losses, and high di- 
electric strength are required. See Ceram. Abs., 15 [11] 
338 (1936). 

Attempts to improve coarse pottery and whiteware. 
Sarnicurro OGAWA AND Tatsuya Sasaki. Repis. Imp. Fuel 
Research Inst., Japan, No. 17, pp. 37-50 (1936); abstracted 
in Chem. Zentr., ii, 2424 (1936).—Tests on the suitability 
of clay from Masuco (Japan) for household ware are dis- 
cussed. M.V.C. 

Ceramic insulating materials in electrotechnics. RI&EKE 
AND STEGER. Keram. Rundschau, 44 [21] 246-47(1936).— 
At a meeting of the German Assn. of Electrotechnical 
Porcelain Manufactures in Leipzig in March, 1936, R. 
gave a lecture on the manufacture of electroporcelain and 
S. talked on the use of porcelain and other insulating mate- 
rials in electrotechnics. Nothing essentially new was 
mentioned. The following classification was adopted: 
(1) percelain, (2) steatite and its compounds, (3) rutile, 
(4) mixture of clay or kaolin with talc or soapstone, and (5) 
porous mixtures of clay or kaolin with additions of silicon 
carbide, corundum, or grog. F.E.V. 

Ceramic sanitary ware. Corniute. Rev. Mat. 
Constr. Trav. Pub., No. 319, pp. 49-50B; No. 320, pp. 
70-74B; No. 321, pp. 81-84B (1936).—C. describes the 
manufacture of sanitary ware from (1) ordinary earthen- 
ware with a transparent or opaque glaze, (2) fine white cal- 
careous, siliceous, or feldspathic earthenware covered 
with a transparent glaze, (3) ceramic stoneware with 
transparent or semi-opaque glaze, (4) porcelain, and (5) 
porcelainized stoneware. M.V.C. 

Defects of ceramic slip-cast products. C. RANCKE. 
Keram. Rundschau, 44 {14} 161-62 (1936).—Cords are 
waves on the inner part of the piece. They may be 
avoided by a continuous rotation of the mold during 


casting and by stirring. Specks on crockery ware take 
no glaze; they occur where the slip is projected against 
the gypsum wall. These places burn without porosity, 
and adherence of the glaze is impossible. Casting through 
a funnel is the preventive. Hairlines near the inlet may 
be prevented by an application of tale or slip. To avoid 
air bubbles, molds should be dried and the slip must stand a 
certain time. The nature of the raw materials also causes 
these defects. F.E.V. 
Effect of grain size and firing schedule on properties of 
feldspar as a vitrifying agent. Epmunp A. Dursin 
AND ARTHUR S. Watts. Ceram. Age, 26 [4] 135-36 
(1935). F.G.H. 
Industrial manufacture of “sanitary stoneware.” A. 
MARCHAND. Rev. Mat. Constr. Trav. Pub., No. 320, pp. 
65-69B (1936).—M. gives an analysis of French clays, 
formulas of mixes for molding, preparation of slips for 
casting, tests on slips, and a study of the viscosity of slips. 
M.V.C. 
Manufacture of bone porcelain with apatite as a sub- 
stitute for bome ash. Koy: Terasaxi. Repis. Imp 
Fuel Research Inst., Japan, No. 17, pp. 51-55 (1936); ab- 
stracted in Chem. Zentr., ii, 2424 (1936).—Attempts to re- 
place bone ash by apatite in the production of bone por- 
celain are described. The results were satisfactory. 
M.V.C. 
Manufacture of high-fired pink color, T6 si ké6. Ko- 
SUKE Ima, AND Koyt Terasaki. Repis. 
Imp. Fuel Research Inst., Japan, No. 17, p. 56 (1936); 
abstracted in Chem. Zentr., ii, 2423 (1936).—T6 si ké has 
been proved to be an exce!!lent pink pigment for highly 
fired porcelain. It is composed of 10 to 40% MnHPO, 
and 90 to 60% Al,O,; or Al(OH), or 33% Mn(NOs)s, 9% 
AIPO,, and 58% Al(OH);. The mix is fired at cone 3 or 6 
and pulverized. M.V.C. 
Media for china bedding. Anon. Pottery & Glass 
Rec., 18 [10] 277 (1936).—In place of ground flint for 
bedding chinaware in the ovens, alumina is being in- 
creasingly used despite its greater cost. The report of 
the Chief Inspector of Factories on pottery regulations 
states that it is hoped that all the fine china firms will be 
using it exclusively before the end of 1936. Intense cal- 
cination of the alumina before use is essential. The 
warping of some ware with alumina (but not with flint) 
must still be overcome. A.BS 
Method for measuring whiteness or color of porcelain 
and whiteware or colored materials in general: I, Method 
for measuring whiteness and color of porcelain and 
stoneware by the Pulfrich photometer. Fuyit Kanexoro 
Repts. Imp. Fuel Research Inst., Japan, No. 16, pp. 1-15 
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(1936); abstracted in Chem. Zenir., ii, 2425 (1936).—The 
use of the Pulfrich photometer and measurements on a 
series of porcelain samples are described. M.V.C. 
Pottery in northern Ireland; Ulster’s diversified indus- 
tries. J. A. Crecranp. Trade & Eng., 40 (873) xxxi 
(1936).—From County Fermanagh, dinner, tea, coffee, 
and breakfast services of exquisite design, some deli- 
cately molded, form part of the regular export trade of 
the famous pottery on Lough Erne. ABS. 
Researches on pottery containing dolomite: I. Ko- 
SUKE Hirano, Sainicurro Ocawa, AND SHIGEO Sawa- 
muRA. Repts. Imp. Fuel Research Inst., Japan, No. 14, 
pp. 1-42 (1936); abstracted in Chem. Zentr., ii, 1776-77 
(1936).—The properties of ware containing dolomite were 
studied. The best results were obtained with bodies con- 
taining 25 to 30% Fsukumi dolomite, 40 to 55% Otdge 
pyrophyllite, and 20 to 25% plastic Kibushi kaolin. The 
most suitable firing temperatures are 1000° or 1100°. II. 
Repts. Imp. Fuel Research Inst., Japan, No. 14, pp. 43-56 
(1936); abstracted in Chem. Zentr., ii, 1777 (1936).—An 
addition of one to three parts of dolomite to 100 parts of 
the mix lowers the point of glass formation by two or 
three cones without shortening the firing interval. The 
best results are obtained with mixes of the chemical com- 
position: 
0.75 — 0.64 KNaO 
0.25 — 0.36 (Ca, Mg)O ) 1.84 — 2.44 Al,O,, 9.23 — 
13.55 


There is no difficulty in manufacturing white or colored 
porcelain of high grade at a low temperature with addi- 
tions of dolomite. M.V.C. 
Sintering of clayware. W.Scuven. Tonind.-Zig., 60 
[68] 836-37 (1936).—The sintering process of porcelain 
consists in the formation of glass by a part of the quartz 
dissolved in melting feldspar. The kaolin of porcelain 
changes partly into mullite. A part of the kaolin and 
quartz remains undissolved and forms a refractory skele- 
ton. The sintering of tile is similar to that of porcelain. 
Here also a glass-like solution is formed in which the iron 
oxide of the clay participates. The amount of glass 
formed should not be too high; the tile should be cooled 
slowly at a high temperature to form crystals. The re- 
sistance of tile on firing is insured by a skeleton of undis- 
solved quartz grains and clay substance. M.V.C. 
Vitrification of pottery, H. W. Wess. Pottery & 
Glass Rec., 18 [10] 272 (1936).—A revision of ideas re- 
garding the kinds of ware to be produced is desirable. In 
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particular, a more vitreous body should be sought which 
would give better decorative effects than porcelain at less 
cost. The kind of ware required must combine light- 
ness and toughness with the aesthetic qualities of china- 
ware. A.B5S. 
BULLETINS 
Domestic ball clays in ivory earthenware bodies. G. A. 
Loomis. Ohio State Univ. Eng. Expt. Sta. Bull., No. 69, 
55 pp. (1932). Price 40¢. Nine typical domestic ball 
clays were used in this investigation covering 24 body com- 
positions. Physical properties of the plastic, dried, and 
fired (biscuit and glazed) ware were studied. It was con- 
cluded that no one type of ball clay would impart all the 
desired physical properties. It was considered best to 
use a ball clay having a good plasticity, workability, and 
dry strength in combination with a ball clay having good 
impact value and resistance to crazing. The most promis- 
ing combination was found to be a Holly Springs, Miss., 
clay combined with a highly plastic clay. R. F. REA 
Expansion of ceramic bodies caused by liquid and vapor 
penetration. H. H. Horscuer. Ohio State Univ. Eng. 
Expt. Sta. Circ., No. 22,24 pp. (1931). Free. All porous 
ceramic bodies are, in general, subject to an after-expan- 
sion due to the penetration of water-vapor or steam. 
This expansion may require months or years to produce 
crazing but may be accelerated by treatment with steam 
under pressure in an autoclave. Tests were made on 
several ceramic bodies and clays to determine the effect 
of composition and porosity on the amount of expansion. 
Semivitreous bodies composed of clay, flint, and feldspar 
show a greater expansion than bodies composed of one 
clay constituent alone. Composition is more important 
than absorption, but for bodies of the same composition 
increased absorption is accompanied by increased volume 
expansion. Expansion was found to occur when a porous 
body was boiled in various nonaqueous liquids but to a 
lesser degree than with water. R. F. REA 
Pottery—Household table and kitchen articles of 
earthenware and of china, porcelain, and other vitrified 
ware. Anon. U. S. Tariff Comm., Rept. No. 102. 
Price 15¢. Reviewed in Ceram. Age, 27 [4] 103 (1936). 
F.G.H. 


PATENTS 


Spark plug construction. A.C. Hoor. U.S. 2,062,514, 
Dec. 1, 1936 (Feb. 19, 1935). A spark plug having a 
metal shell, a basalt insulator, and a metal conductor 
mounted in the insulator is described. 


Equipment and Apparatus 


Air-drying of solids. T. K. SHerwoop. Chem. Eng. 
Congress World Power Conference, C15, 18 pp. (1936); 
Brit. Chem. Abs.—B, 55 [35] 767 (1936).—The move- 
ment of H,O in solids is probably always due to capillarity. 
Integrated diffusion equations based on Frick’s law (which 
states that the rate of moisture diffusion « the moisture 
gradient) are unreliable, and the assumption has never 
been proved. The falling-rate period is best studied by 
curves showing rate of drying against H,O content, which 
show breaks where the mechanism changes. Approxi- 


mate equations are given for determining the time of 
drying, and drier design is discussed. The heat loss in 
exhaust air decreases with rising air temperature. 
Application of the high-speed motion picture camera to 
research on the surface tension of liquids. E. A. Hauser, 
H. E. Epcerton, B. M. Hort, ann J. T. Cox, Jr. Jour. 
Phys. Chem., 40 [8] 973-88 (1936).—Many references are 
given to previous work on the five common static and 
three dynamic methods of measuring the surface tension 
of liquids. The high-speed camera is used in a study of the 
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drop-weight and ring methods. The stroboscopic analysis 
of the phenomena occurring with these methods shows 
motions of such a high degree of complexity as to suggest 
that neither is ideal. A possible new method is indicated. 
C.J.P. 

Balancing hollow-ware dies without use of drags; 
increasing capacity thereby. H. L. LoNGENECKER. 
Jour. Amer. Ceram. Soc., 20 {1} 23-26 (1937). 

Blasting in quarries. W. J. Davies. Mining Mazg., 
50, 201-208 (1934).—D. discusses drilling and blasting 
methods. W.D.F. 

Design and construction of hollow-ware dies. H. L. 
LONGENECKER AND H. B. Situ. Brick Clay Rec., 89 
[2] 46-48 (1936).—Based on information obtained by ex- 
periment in a large plant, details are given on the 
manufacture of dies which are easily adjustable, with re- 
movable liners and a simple lubricating system resulting 
in high capacity, low loss, and low power cost. The ef- 
fects of the various details of design of the dies on their 
operation are discussed. The control of oil flow in the 
oiling system is of importance in producing good ware. 
Illustrated. E.J.V. 

Electric vibrating screens and feeders. Uran 
Tric Visrator Co. Eng. Mining Jour., 137 [10] 538 
(1936).—The electric vibrating screens and feeders de- 
scribed are claimed to have higher efficiency and lower 
power consumption than the usual types. These advan- 
tages result from the development of a new electromagnetic 
vibratory motor whose electromagnetic forces are ap- 
plied equally in both directions in a reciprocating move- 
ment with the forces acting each way from a center of 
rest. Illustrated. J.L.G. 

Evaporation operating at low temperature with waste 
heat. H. E. H. Gorn. Chem. Eng. Congress World 
Power Conference, H5, 15 pp. (1936); Brit. Chem. Abs.— 
B, SS [35] 768 (1936).—The liquid is first heated by 
indirect contact with waste gas (if flue gas is used it should 
first be saturated with H,O vapor), then evaporated by 
direct contact with unsaturated gas, ¢.g., air, and re- 
cycled. The application of this process in the evapora- 
tion of sulfite liquor is indicated. 

Extensometer. Co. IJnsiru- 
ments, 9 [11] 304 (1936).—-Marking of gage points on the 
specimen is unnecessary when using the Kenyon-Burns- 
Young extensometer. This new device is a 2-in. gage 
iength extensometer of extremely light construction whose 
hardened gage points clasp the test specimen with pres- 
sure derived from coil springs. The application of the 
extensometer to a test specimen is illustrated, and the 
instrument is described. R.W.R. 

Hardness testing instruments. H. 
Messtechnik, 12 [9] 183-87; [10] 201-204 (1936).—Prin- 
ciples of hardness determination are explained, and the 
different types of instruments on the German market 
and their application are reviewed. M.H. 

Insertion humidistat with solenoid water valve. Sv- 
PREME ELEcTRIc Propucts Corp. Instruments, 9 [11] 
307 (1936).—For convenience in installation in cold air 
returns and on cabinet-type air conditioners, a solenoid 
water valve is mounted on an insertion humidistat. Only 
one electrical connection is required for installation. 
R.W.R. 


Low cost and long service are records for Diesel and 
gas engines. Anon. Brick Clay Rec., 89 [2] 49-50 
(1936).—Data on economies in power costs at several 
clay products plants by the use of Diesel or gasoline en- 
gines are presented. E.J.V. 

Measurement of penetration, absorption, and resist- 
ance to water of materials. Maurice Dérinéet. Rev. 
Mat. Constr. Trav. Pub., No. 324, p. 132B (1936).—Small 
plates of the material to be tested are placed on a reser- 
voir which is filled with water and corresponds to a tube 
to which it is connected. Placing of the test piece and 
filling must be done rapidly, and the time necessary for a 
salt on the top of the test piece (which is nonfluorescent 
when dry and fluorescent when wet) to become luminous is 
noted. M.V.C. 

Metallizing practice. V.L.Sace. Ind. & Welding, 8 
[5] 14-17 (1936).—Metal-spraying applications, success- 
ful and unsuccessful, are discussed for a variety of Fe 
and alloy and nonferrous sprayed coatings. Worn and 
corroded shafts are built up with alloy steel and brass 
piston rods with Monel metal to resist wear, etc. Stain- 
less-steel sprayed coating on the inside of tanks is found 
to be stainless only when highly polished. W.H.B. 

Modification of the circular manifold type of gas analysis 
apparatus. M.C. K. Jongss. Amer. Gas Jour., 143 [4] 
27-29, 110 (1935).—-A modification of the Barnhart- 
Randall gas analysis apparatus is described and illustrated. 

H.ES. 

Multipurpose wide-adjustment control unit. Arca 
Recuiators, Inc. Instruments, 9 [11] 308 (1936).— 
These instruments belong to the fluid-relay class, but are 
novel in design, one controller being applicable to a wide 
range of pressure and vacuum control. In addition, it 
may serve to control large or small flow rates and other 
conditions without requiring any structural changes. 
Two bellows are provided, which permit of a variety of 
uses. A choice of five springs is provided. The instru- 
ment is especially suitable for laboratory or development 
use, where a variety of conditions must be controlled for 
short periods. R.W.R. 

Numerical expression of the yield of pulverizations. 
RocerR Doiigur. Chim. & Ind., 36 [4] 696-700 (1936).— 
The definition and explanation of the yield of a pulveriza- 
tion according to whether it gives grains of uniform or 
varying dimensions and whether or not it affects the 
totality of the grains, and the numerical expression of these 
cases are given. Examples of application are given for the 
comparison of two powders and for comparing the ef- 
ficiency of different apparatus. The method of calculat- 
ing the mean yield of pulverization does not dispense with 
the fractioning of powders by sieves but it completes this 
method and enlarges the field of application. M.V.C. 

Practical crushing efficiency: I. T. J. Tariuw. Min- 
ing Mag., 50, 18-24 (1934).—T. reviews existing theories 
relating to the efficiency of crushing operations. None of 
these is complete. For efficient crushing the material 
should be hit as rapidly as possible and kept closely packed. 
About 98% of the energy used does no useful work and 
appears as heat. II. Jbid., pp. 87-93.—A method is 
given for figuring the ‘“‘money debits’’ of each mesh size, 
and from this the most efficient method of crushing can be 
found. W.D-F. 
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Research metallographic outfit. Bauscn & 
Optica, Co. Instruments, 9 [11] 305 (1936}.—A very 
complete outfit for metallography, provided with an 
8 x 10 in. camera, is described. R.W.R. 

Roll shells and centers. W.T.Mm.er. Mining Mag., 
50, 137-47 (1934).—M. describes the development of 
crushing rolls fram the first smooth, solid, cast-iron rolls 
to the many present varieties of corrugated, alloy steel 
rolls with renewable shells. W.D.F. 

Silica gel dehumidifier. Bryanr Heater Co. Amer. 
Gas Jour., 143 [4] 88 (1935).—The adsorption method 
for dehumidifying is used. The material used, silica gel, 
is a hard, hygroscopic, manufactured substance, similar 
in appearance to clear quartz granules although extremely 
porous. When moist air is brought in contact with 
silica gel, the pores of the material adsorb the moisture. 
Easily reactivated by heat, silica gel can be used in- 
definitely. Illustrated. H.E.S. 

Small slurry and dewatering plant for potteries. J. 
Grewe. Keram. Rundschau, 44 {19] 221-22 (1936).— 
The best mixing of clays is obtained by slurry. A small 
plant without a filter press is described (one schematic 
cross-section). F.E.V. 

Sprayed stainless steel resists wear and corrosion 
under trying conditions. W.C. Rem. Welding Engr., 21 
[6] 25-26 (1936).—Ordinary stainless and a special air- 
hardening grade are sprayed, the latter for wear and the 
former for best corrosion resistance. Hot-oil pump plung- 
ers are built up with hard stainless steel and finished to a 
polished surface. The life of rods (corrosion resistance) 
is a function of fineness of the finish. W.H.B. 

Thermal precipitator for dust sampling. C.F. CasELLa 
& Co., Lrp. Jour. Sci. Instruments, 13 [9] 307-308 
(1936).—A hot body placed in a chamber containing dust 
or smoke will be surrounded by a clearly defined dust- 
free space, and the thickness of this space increases with 
increase of temperature difference between the hot body 
and the walls of the enclosing space. If a stream of dust- 
laden air is drawn across the hot body (in the case of this 
instrument an electrically heated wire) no dust particles 
will penetrate the dust-free space if the velocity of flow is 
kept below a certain critical value. If the walls of the 
containing chamber are within this space, dust and smoke 
particles will be deposited on them while the cleaned air 
passes on. The wire in this instrument, kept taut by 
means of a spring and heated by a small accumulator, is 
held horizontally between two microscope cover glasses 
placed within the region of the dust-free space. A water 
aspirator draws the dusty air toward the wire where the 
dust particles are thermally precipitated on to the micro- 
scope cover glasses to form a deposit of suitable density 
for counting under a high-power microscope. A 50-cc. air 
sample will give a deposit of sufficient density for accurate 
counting if there are 1000 particles/cc. in the air, but 500 
cc. will be needed if there are only 100 particles/cc. 
Counting is possible, however, when the deposit is '/; or 20 
times as dense. Rigorous comparisons of results secured 
on flint and sandstone dusts with those secured from the 
ultramicroscope and sedimentation cells on the same dusts 
show the thermal precipitator to be accurate. Illustrated. 

J.L.G. 

Time lag in a control system. A. CALLENDER, D. R. 
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HARTREE, AND A. PorteR. Trans. Roy. Soc. |London], 
235 [A756] 415-44 (1936).—Drawings and a discussion 
of both mechanical and electrical automatic controls 
using the principles developed in this paper are given. 
W.D.-F. 
Tool-room furnace. AMERICAN Gas FuRNACE Co. 
Amer. Gas Jour., 143 [4] 101 (1935).—A new improved 
tool-room furnace, using a new type of insulating refrac- 
tory lining which weighs about half as much as fireclay 
linings and has several times the insulating properties, is 
described. A feature of the furnace is the one-valve con- 
trol which regulates the input over the entire operating 
range. The operating range is from 1200 to 1800°F. 
H.E.S. 
Twenty-four inch alluvial prospecting drill. W. A. 
VAN DER Horr. Mining Mag., 50, 283-86 (1934).—A 
power-driven drill for sinking pits in alluvial material is 
described. It recovers 100% of the theoretical core. 
W.D.-F. 
Waste-heat drier fans and flues. L. R. WarITaKER. 
Brick Clay Rec., 89 [3] 93-95 (1936).—The efficiency of a 
waste-heat drier is governed by the volume, humidity, 
temperature, and distribution of the air passing through. 
W. discusses the proper size of flues, selection of a fan of 
the proper type, wet flues and their prevention, danger of 
high temperatures, insulation of flues, and other problems 
from a practical viewpoint. E.J.V. 
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Compressed Air Data, Handbook of Pneumatic Engi- 
neering Practice. Edited by F.W.O’Nem. Compressed 
Air Mag., Phillipsburg, N. J. 4th ed. 394 pp. Price 
$3.00. Reviewed in Ceram. Age., 27 [4] 102 (1936). 

F.G.H. 

Pyrometric cones. ANon. H. B. Henderson & Co. 
Booklet, 24 pp.; reviewed in Ceram. Age, 26 [5] 204 
(1935).—The properties of pyrometric cones and many 
factors pertaining to their practical use are described. 
Illustrated. F.G.H. 
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Auxiliary strike for brick machines. Frep Brav- 
CHAMP (Lancaster Iron Works, Inc.). U. S. 2,061,497, 
Nov. 17, 1936 (Aug. 27, 1935). The combination of a 
brick machine having means for intermittently moving 
molds in one direction to and from a predetermined loca- 
tion, in which they may be filled under pressure with 
material in a plastic condition, with a support extending 
across the path of movement of the molds, a striker blade 
slidably mounted on the support, means on the support 
for normally holding the blade with its lower edge in 
yielding striking contact with the top edges of the molds, 
means for moving the blade toward and from the striking 
contact while the molds are in rest position, and means 
fixed to the support for removing material from the blade 
during its movement from the striking contact. 

De-airing of clay and similar plastic substances. J. M. 
AND C. L. Wiis. Brit. 456,550, Nov. 25, 1936 
(Sept. 26, 1935). 

Drying plant such as potter’s mangles. 
woop & Sons, Lrp., anp C. T. WepGwoop. 
509, Nov. 25, 1936 (July 15, 1936). 


J. Wepc- 
Brit. 456,- 


E 
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Fan rotors particularly adapted for handling air or 


gases in which abrasive material is suspended. B. F. 
Srurtevant Co. Brit. 455,905, Nov. 11, 1936 (June 12, 
1935). 

Method of loading, transporting, and unloading brick 
or like commodities. G. C. Wooprurr (L. C. L. Corp.). 
U. S. 2,061,495, Nov. 17, 1936 (March 21, 1935). 

Method and means for separating and retarding rela- 
tive movement of refractory, vitrified, and like products 
during transportation. H. Y. Swank anp A. M. Swank. 
U. S. 2,062,948, Dec. 1, 1936 (Oct. 23, 1933). 

Mixer for de-airing clay. L.R. Pape anp L. B. Knicur, 
Jr. (Herbert S. Simpson). U. S. 2,063,266, Dec. 8, 1936 
(March 30, 1933). The combination with a chamber 
having a muller therein comprising a bed plate and a 
plurality of rotating members pressing thereon of sealed 
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means for supplying moistened material thereto, means 
for supplying liquid to the chamber to increase the plas- 
ticity of the moistened material, means for maintaining a 
sub-atmospheric pressure within the muller chamber, a 
vacuum storage chamber beyond the muller chamber for 
receiving the ground and kneaded moistened material 
therefrom, and means for discharging the moistened 
material and for preventing the ingress of air whereby to 
simultaneously grind and knead the moistened material 
and increase its plasticity while withdrawing air therefrom. 

Process and apparatus for drying green ceramic ware, etc. 
M. Korrersa. Brit. 455,041, Oct. 28, 1936 (March 7, 
1935). 

Separating and grading solid particles from suspensions 
in liquids by centrifugal means. Birp Macuine Co. 
Brit. 456,420, Nov. 18, 1936 (Dec. 11, 1934). 
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Catalytic reactions of carbon with steam-oxygen mix- 
tures. ALFRED W. FLEER AND ALFRED H. WHITE. 
Ind. Eng. Chem., 28 [11] 1301-1309 (1936).—Powdered 
coke (20- to 40-mesh) treated with 5% of sodium car- 
bonate as catalyst was gasified with steam-oxygen mix- 
tures while falling freely through a steel reaction tube, 2 in. 
in diameter and 8 ft. long, heated to 900 to 1000°C (1650 
to 1830°F). The rate of steam decomposition was inde- 
pendent of oxygen concentration and proceeded at a rate 
which empirically followed the law of a first-order reaction. 
The reaction rate doubled for each 75°C (135°F) interval, 
and the energy of activation was computed to be 26,800 
cal./g. mole. At 1000°C practically complete decom- 
position of steam was obtained with a contact time of 
approximately 5 sec. Catalysis of the reaction CO + 
H,O = CO, + H; occurred to such an extent that equilib- 
rium conditions were operative which controlled the carbon 
dioxide content of the gas produced and set the limits for 
overall decomposition of the inlet mixtures at a given 
percentage of steam decomposition. Experiments were 
also made with a fuel bed 4 ft. deep, using catalyst-treated 
coke particles 0.75 to 0.5 in. in size. The effect of oxygen 
in these runs indicated that the rate of heat transfer 
rather than the rate of reaction limited the extent of de- 
composition of the reactants. The steady-state grate 
temperatures attained in either case were proportional to 
the oxygen content of the inlet mixture and the total inlet 
rate to the 0.16 power. Illustrated. F.G.H. 

Ceramic industry. H.C. WeLter. Amer. Gas Jour., 
143 [5] 48-49, 72 (1935).—The geographical location of 
the ceramic industry shows a concentration of approxi- 
mately 65% of the production in the U.S. in the East 
Liverpool, Ohio, district, 15% in New Jersey, and the 
remaining 20% in several states, e.g., New York, Michi- 
gan, etc. It is estimated that the East Liverpool district 
is using natural gas to the extent of 85% of all fuel used. 
A comparison between natural gas and high-grade bi- 
tuminous coal for updraft and downdraft kilns is given. 

H.E.S. 

Combustion rate of carbon; study of gas-film structure 
by microsampling. ALmMon S. PARKER AND H. C. Horrev. 
Ind. Eng. Chem., 28 [11] 1334-41 (1936).—The combus- 
tion of brush carbon in air is studied by microanalysis of 


small gas samples withdrawn from the carbon surface 
inside the “‘film’’ overlying the carbon and by the varia- 
tion in gas compositior through the film. The rate of 
combustion per unit of superficial carbon surface is also 
determined under corresponding conditions of ambient 
gas velocity and temperature. The data are used to 
study the mechanisms both of combustion at the carbon 
surface and of diffusion of oxygen and combustion products 
through the film separating the carbon surface and the 
ambient air. Equations of combustion are presented 
which correlate the data. Illustrated. F.G.H. 
Corrosion resisting materials for gas appliances. A. L. 
Warp anp W. H. Futwemer. Amer. Gas Jour., 143 
[5] 42 (1935).—Copper base alloys (containing less than 
63% copper and 1 to 2% lead or aluminum) are recom- 
mended for gas appliance parts coming in contact with or- 
ganic sulfur (in manufactured gas) at elevated tempera- 
tures. For tubing it is recommended that aluminum or tin 
plated tubing be used. H.E.S. 
Course of action in pulverizing chamber of Kramer 
pulverized fuel burning method. J. H. KAurrmann. 
Wadrme, 59 [5-6] 81-89 (1936).—Measurements are 
made on air temperature velocity for pulverizing, drying, 
and burning of fuel. Numerous curves are given relating 
work of pulverization, density of dust fired (air plus 
powdered fuel), fineness determinations of dust, percent- 
age moisture in fired fuel, etc. W.H.B. 
Determination of combustion. A. R. Neve. Wédrme, 
59 [5-6] 65-69 (1936).—Combustion efficiency, based on 
composition of fuel, combustion air, and combustion 
gases, is discussed. The theoretical basis for determina- 
tions is exhaustively detailed, and practical approxima- 
tions are made for actual determinations shown. For the 
exhaust gases the composition should include not only 
the usual figures for CO, and O, but also the unburned fuel 
in the gases, such as CO, H:, CH,, higher hydrocarbons, 
and C. From such a complete determination of exhaust 
gases, the amount of excess air is determined and the 
heat balance set up. The latter provides the information 
for comparisons of heating values for various fuels. Graphi- 
cal 3-phase diagrams are shown for CO,, CO, and O,, in 
which the heat balance can be shown for various exhaust 
gas compositions. W.H.B. 
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Developments of improved equipment. EN- 
GINEERING CorP. Amer. Gas Jour., 143 [4] 58 (1935).— 
The refractory screen oil gas process for the manufac- 
ture of high B.t.u. gas is well illustrated and described. 

H.ES. 

Facts about humidification. O. J. Kuennoip. Amer. 
Gas Jour., 143 [4] 19-22 (1935).—A simple, clear ex- 
planation of the science of humidifying and humidity 
control is given. The explanations are accompanied by 
charts. Qualifications of more desirable humidifying 
equipment are indicated. H.ES. 

Final temperatures of fuel gases with and without re- 
gard to dissociation phenomena of the combustion prod- 
ucts. H. Brickner AND W. Benper. Gas- & Wasser- 
fach, 79 (39) 701-705 (1936 ).—Theoretical principles of final 
flame temperature are explained and approximation for- 
mulas derived which permit calculation of the final tem- 
perature of theoretical combustion, i.¢., without excess 
air, from the lower heating value and composition of the 
gas and from the amount of waste gases. Tables for the 
degree of dissociation of CO, and H,O vapor are added, 
and an example is calculated. M.H. 

Gas pressure controls. E. Larson. Amer. Gas Jour., 
142 [2] 14-16, 28; [3] 17-20, 28; [4] 20-22, 64, 66; [5] 
14-16, 74; [6] 15-17, 58; 143 [1] 13-16, 52; [2] 19-21, 47; 
[3] 15-17, 48; [4] 39-41 (1935).—L. discusses the under- 
lying theory of pressure regulation. A series of practical 
articles of value to both the engineer and the man directly 
concerned with operation is given. H.E.S. 

Heat transfer in the gas-heated open-hearth furnace. 
W. Hemicenstagpr. Gas- & Wasserfach,79 (42) 754-60; 
[43] 783-88 (1936).—Conditions of heat transfer from 
the furnace interior to the piece to be heated are dis- 
cussed, and the heat-transfer constant is defined. A com- 
parison is made between a gas-fired and an electric furnace; 
to the former is attributed, for the same interior tem- 
perature, a higher capacity and shorter heating period 
because of the additional heat transfer by the gas, easier 
control, and smaller indirect heating surface, i.c., less 
furnace wall. M.H. 

Industrial furnace atmospheres. C. G. SEGELER. 
Amer. Gas Jour., 143 [6] 9-12, 45, 47, 48, 50 (1935).—A 
summary of the knowledge of the use of special industrial 
furnace atmospheres is given. The survey is presented 
from the viewpoint of the chemist, and furnace atmos- 
pheres are classified into (1) neutral, (2) oxidizing, and 
(3) reducing. There is included a table of recommenda- 
tions and limitations for industrial-furnace atmospheres 
covering a variety of gas-fired thermal treatments such as 
annealing of copper, brass, and steel, carburizing, core 
baking, forging, glass annealing, japanning, and vitreous 
enameling. H.E.S. 

Low-cost oxygen for tion of fuels. T. Nacgv. 
Amer. Gas Jour., 143 [6] 22 (1935).—Oxygen of any de- 
sired purity can be continuously produced by fractional 
distillation which separates most of the nitrogen from air 
previously liquefied through compression and heat ex- 
traction. Low-cost plants of large capacity single units 
are available for producing low-cost impure oxygen for 
i H.ES. 


V. J. Avtrert. Amer. Gas Jour., 143 [5] 43 (1935).—A 
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reliable method of identifying coals or coal blends, car- 
bonization of which might cause degradation or destruc- 
tion of refractory ovens, is needed. A unidirectional coal- 
expansion tester is described which provides a reasonably 
reliable measurement of the expansion of the coal during 
carbonization in coke ovens. H.ES. 

Method for determining the correct burning tempera- 
ture for fuel oils. C. Murpaucu. Jour. Amer. 
Soc. Naval Engrs., 48 |3] 377-81 (1936).—Viscosity tem- 
perature relations were determined for a number of oils of 
differing viscosity and plotted on a double logarithmic 
scale as atomizing temperature (corresponding to 150 
S.S.U.) and pumping temperature (corresponding to 3000 
S.S.U.) against viscosity at 122°F. The values for the 
first plot fall on a straight line and it is suggested that for 
oils in the range studied, it is sufficient to make a single 
viscosity measurement at 122°F to determine the correct 
atomizing temperature. Sixty-three oils were studied 
in the investigation and represent a fair cross-section of 
present, commercially available, U.S. fuels. A table is 
appended giving atomizing temperature for viscosities at 
122°F of 30 S.S.F. to 300. W.H.B. 

Nomographic determination of calorific values. R. 
McApam. Power & Works Engr., 31, 377-79 (1936).— 
Nomographs for calculating the calorific power of a fuel 
from its ultimate analysis are presented. Graphical solu- 
tion of Dulong’s formula gives good results for bituminous 
coal but not for anthracite coal; Gummel and Davies’ 
formula is suitable for all grades of coal. The use of 
Goutal’s formula is illustrated, the analysis required being 
proximate rather than ultimate. F.P.P. 

Oxidation of coal at storage temperatures; effect on 
carbonizing properties. L. D. Scumupr anp J. L. Evper. 
Ind. Eng. Chem., 28 [11] 1346-53 (1936).—Mild oxidation 
of Pittsburgh bed coal at 30°C followed by actual car- 
bonization tests on 2-kg. samples shows the following cor- 
relation between carbonizing properties and extent of 
oxidation up to 4-month exposure to oxygen: (1) a pro- 
gressive increase in strength of coke; (2) a regular de- 
crease in the yield of tar, accompanied by an equal in- 
crease in the yield of coke; (3) a regular increase in the 
amount of carbon dioxide evolved with the gaseous prod- 
ucts of carbonization; and (4) a change in plastic proper- 
ties characteristic of increased coke strength. These 
changes are appreciable before the oxidation has pro- 
gressed sufficiently to affect, significantly, other properties 
such as agglutinating value, proximate and ultimate 
analyses, and heating value. Illustrated. F.G.H. 

Present practice and developments in firing electrical 
porcelain. E. H. Frirz. Jour. Amer. Ceram. Soc., 20 
[1] 26-30 1937). 

Rank of coals as indicated by oxygen absorption. 
H. L. OLIN AND W. W. Waterman. Ind. Eng. Chem., 28 
[9] 1024-25 (1936).—The measure of the degree to which 
freshly exposed coals of widely different quality and geo- 
logical age absorb oxygen was studied. Several methods 
of measurement are reviewed, and the method of Heath- 
coat and Francis, which. was adopted and applied to a 
large range of coals from lignites to anthracites, is de- 
scribed in detail. Results in general seem to show marked 
correlation between permanganate number and coal rank. 
Illustrated. F.G.H. 
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Measurement of expansion of coal during carbonization. 
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Relation of carbonizing temperature and rank of coal to 
reactivity, electrical conductivity, and hygroscopicity of 
coke. J. D. Davis anp A. C. Frecpnger. Amer. Gas 
Jour., 143 [5] 44 (1935).—Standardized laboratory 
methods for determining reactivity, electrical resistivity, 
hygroscopicity, ignition temperature, and minimum air 
blast were applied to representative cokes at carbonizing 
temperatures of 500 to 1100°C. H.E.S. 
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British Standard Methods of Analysis of Coal-Ash 
and Coke-Ash: Specification No. 686—1936. Baririsu 
STANDARDS INsTITUTION. Price 2s. The methods sug- 
gested are based on those recommended in Dept. Sci. Ind. 
Research, Fuel Research Paper, No. 28. They include the 
determination of silica, iron, titanium, aluminium, cal- 
cium, magnesium, manganese, sulfur trioxide, alkalis, and 
phosphorus. A rational method of analysis of coal ash 
aims at a rapid determination of the main characteristics 
of an ash and is based on the subdivision of the ash into 
three fractions: (1) soluble in water, (2) insoluble in 
water but soluble in hydrochloric acid, and (3) insoluble in 
hydrochloric acid. A shortened method of ash analysis 
which cuts down considerably the time taken by the stand- 
ard method is also included. The shortened method pro- 
vides for the determination of silica, alumina (together 
with titania and combined phosphoric oxide), ferric oxide, 
calcium oxide, alkalis, and sulfur trioxide, the balance of 
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the ash being assumed to be magnesium oxide, mangano- 
manganic oxide, etc. A.BS. 
British Standard Methods for the Ultimate Analysis of 
Coal and Coke: Specification No. 687—1936. Baririsx 
STANDARDS INSTITUTION. Price 2s. The methods de- 
scribed are for the determination of carbon and hydrogen, 
nitrogen, sulfur, phosphorus, arsenic, and chlorine. Meth- 
ods for the determination of carbon dioxide and of ‘‘sulfate’”’ 
and ‘“‘pyritic’”’ sulfur in coal are included in appendices. 
A.BS. 
Firing semivitreous tableware. G. A. Loomis. Ohio 
State Univ. Eng. Expt. Sta. Circ., No. 28, 20 pp. (1932). 
Free. A series of firing tests was made on one gas-fired 
and two coal-fired periodic kilns used for the bisque firing 
of semivitreous tableware. Data are given on fuel con- 
sumption, temperature distribution, per cent excess air, and 
stack draft. R.F.REA 
Hauck Industrial Combustion Data. Anon. Hauck 
Mfg. Co. Bull., 62 pp. Price $1.00. Reviewed in Ceram. 
Age, 27 [5] 142 (1936).—Complete information on the sub- 
ject of fuel combustion, with technical data and tables, 
is presented. F.G.H. 
PATENT 


Production of approximately neutral or reducing at- 
mospheres containing carbon dioxide and carbon monoxide 
and apparatus therefor. BraysHaw Furnaces & Too s, 
Lrp., S. N. BRAYSHAW, AND F. Ruston. Brit. 455,436, 
Nov. 4, 1936 (April 16, 1935). 
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Boric acid, its ores. V. CHarrin. Verre & Silicates 
Ind., 7 [27] 319-20 (1936).—Boric acid is derived from 
sassolite (B,O,;3H,O), colemanite 
bechillite (CaO-2B,0,4H,O), and datolite (2Ca0-B,0,°- 
H,0-2Si0,). World sources of boric acid are given. 

M.V.C. 

Brief history of lava. American Lava Corp. Amer. 
Gas Jour., 143 {4} 101 (1935).—“‘Lava,” talc, or soapstone, 
found in the Appalachian region, has proved an excellent 
material for gas burners, pilots, tips, and caps. It is non- 
carbonizing, noncorrosive, impervious to temperatures 
of 2000°F, and easily machined into desired shapes. The 
shapes are then carefully dried and fired to at least 1750°F, 
after which they become so hard that they can not be 
ground with an emery wheel. H.E.S. 

British Guiana and its bauxite resources. E. C. 
Harper. Can. Mining Met. Bull., No. 295, pp. 739-58 
(1936).—The bauxite deposits and mining and beneficiat- 
ing methods are described, and the uses of bauxite are out- 
lined. G.M.H. 

Clays of Durtal. V.C. Argile, No. 162, p. 13 (1936).— 
The ciays of Durtal and Rairies are used locally for tile, 
brick, and pottery. The products are of good quality. 

M.V.C. 
. Genesis of clayey colloids in the spontaneous altera- 
tion of a granite in lysimetric envelope. A. DEMOLON 
AND E. Bastisse. Compt. Rend., 203 [16] 736-38 (1936).— 
Investigations disclosed that clayey colloids owe their 
origin to a hydration of the minerals with conversion of a 


considerable part of the basic constituents. The theory is 
demonstrated by several examples. M.H. 
Kaolins and diatomaceous tripolis in Northern Africa. 
Georces Viz. Argile, No. 163, pp. 3-5 (1936).—The 
location and extent of the deposits are given. M.V.C. 
Montmorillonite and bentonite. V.Cuarrin. Argile, 
No. 163, pp. 11-13 (1936).—A description of montmoril- 
lonite and bentonite and their deposits in France is given 
M.V.C. 
Outgrowths on zircon. J. A. Burrerrriecp. Geol 
Mag., 73, 511-16 (1936).—Heavy mineral slides from the 
Millstone Grit of the Pennine region show secondary 
growth of zircon pyramids, usually on the prism faces 
of the zircons. They are in complete optical continuity 
with the parent crystal. W.D.F 
Refractory clays of Ohio. E.J. Boonar. Ceram. Age, 
26 [5] 183-86, 194-95 (1935).—The location and physical 
properties of the various high-grade refractory clays of 
Ohio are described in detail. Illustrated. F.G.H. 
Refractory clays of Salavas. V.C. Argile, No. 162, 
pp. 3-5 (1936).—Salavas clays. have a fine texture and 
fire to a pale yellow; their fusing point is 1680 to 1710°. 
Analyses of the clays are given. M.V.C. 
Required properties of kaolins and clays used in the 
ceramic industry. R. Rrexe. Keram. Rundschau, 44 
[24] 279-82 (1936).—The properties of clayey materials 
intended for porcelain, crockery, stoneware, stove tile, 
rough ceramic ware, and refractories manufacture are 
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described. The necessary qualities for the slip-casting 
process are pointed out. F.E.V. 

Witherite and barytes. E.G. Hancox. Mining Mag., 


51, 76-79 (1934).—H. shows that usually witherite in 
British mineral veins is a product of the alteration of 


barytes deposited from hydrothermal solutions. 
W.D.-F. 
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Diatomite, Its Mining, Improvement, and Uses ( Kiesel- 
guhr, ihre Gewinnung, Veredlung, und Anwendung). 
F. Krezm. F. Enke, Stuttgart, 1936. 197 pp. Price 
15.60 Rm. Abstracted in Referat. Silikatliteratur, 3, 
3195 (1936).—The book discusses in detail the origin, 
deposits, composition, and properties of diatomite, its 
mining and working, and its application in various indus- 
tries. M.V.C. 

Flotation of Vermont talc-magnesite ores. J. Bruce 


Chemistry 


Adsorption of complex ammonio ions by silica gel. 
L. H. REYERSON AND R. E. CLrarK. Jour. Phys. Chem., 40 
[8] 1055-62 (1936).—It has been known for some time 
that the complex ammonio ions of copper and nickel are 
strorgly adsorbed by silica gel. This adsorption of ions 
has been measured under varying conditions of fx on 
both electrodialyzed and undialyzed silica gel, and results 
are given. 

Chemical emission spectrum analysis. H. Monrirz. 
Mining Mag., 51, 21-30 (1934).—M. is particularly con- 
cerned with the examination of rocks and economic miner- 
als and with geochemistry. The principles of spectrum 
analysis are discussed. A bibliography is included. 

W.D.F. 

Criticism of the method of Lunge and Millberg for deter- 
mining insoluble silica (quartz). ALBERT STASSENS. 
Congr. Chim. Ind., 15th Congress, Brussels, 1, 155-61 
(1935); abstracted in Chem. Zentr., ii, 1769 (1936).—This 
method has been subjected to numerous criticisms and is 
very slow. It is unsuitable for determining silica in fine 
dust. M.V.C: 

Determining iron oxide in refractory clays. V. B. 
Krart et al. Ukrain. Nauchno-Issled. Inst. Ogneuporov & 
Kislotouporov, No. 34, pp. 40-57 (1935); abstracted in 
Referat. Silikatliteratur, 3, 2152 (1936)—The permanga- 
nate, dichromate, iodometric, and titanometric methods 
for determining the iron content in refractory clays in 
sulfuric and hydrochloric acid solutions were tested. The 
colorimetric and gravimetric determination was also 
studied. The permanganate and titanometric methods 
yield the best results. Details are given. M.V.C. 

Determining silica In clay and kaolin by means of 
“radiesthesy” (a “pendulum sensitive to rays’). R. M. 
FicaTer. Documentation Sci., 2, 296-98 (1935); ab- 
stracted in Referat. Silikatliteratur, 3, 3160 (1936).—The 
method of procedure and apparatus used are briefly de- 
scribed. M.V.C. 

Determining titanium dioxide in refractory clays. 
A. V. TERESHCHENKO AND V. A. Parausov. Ukrain. 
Nauchno-Issled. Inst. Ogneuporov & Kislotouporov, No. 34, 
pp. 1-16 (1935); abstracted in Referat. Silikatliteratur, 3, 
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CLEMMER AND S. R. B. Cooxe. Bur. Mines Rept. of 
Invest., No. 3314. 12 pp. Free. Talc concentrates and 
tailings rich in magnesite were obtained in experimental 
concentration of Vermont talc-magnesite ores. Magnesite 
is considered in the report because of its possible market 
value. R.A.HEINDL 
Fundamentals of kaolin standardization. P. N. SHas- 
LUIKIN AND E. A. GALaBuTzKAyA. Trans. Inst. Mines, 
Raw Materials, No. 101, 47 pp. (1936); abstracted in 
Referat. Silikatliteratur, 3, 3245 (1936).—Kaolins are 
classified according to their physicochemical properties 
and technical uses in various industries. M.V.C. 
Principles of Structural Geology. CHARLES MERRICK 
Nevin. John Wiley & Sons, Inc., New York, 1936. 
2d ed. 348 pp., 163 illustrations. Price $3.50 plus 
postage. Reviewed in Bull. Amer. Assn. Petroleum Geol., 
20 [10] 1374-75 (1936). G.M.H. 


and Physics 


2153 (1936).—It was found that the volumetric method 
yields the best results. The components present in clay 
do not affect the exactness of the method, and the same 
exactness is obtained with a low or high titanium content. 
Details are given. M.V.C. 
Energy and structure of the molecules of the alkaline 
oxides. J. H. DeBoer anv E. J. W. Verwey. Rec. 
Trav. Chim., 55 [6] 443-50 (1936).—The lattice energies of 
the oxides BeO, MgO, CaO, SrO, and BaO were recalcu- 
lated on the basis of the theory of Born-Mayer. It is con- 
cluded that alkali-earth oxides no doubt form ion lattices 
yet possess in the vaporous state homeopolar valency and 
form atom molecules. M.H. 
Magneto-chemistry of silver and copper; divalent ions 
and mixed crystals. N.PeRAKIS AND L.Capatos. Jour. 
Phys. Radium, 7 [9] 391-400 (1936).—The characteristic 
equations of the divalent copper and silver ions are of the 
Weiss type within the temperature interval 20°C to that 
of liquid air, with negative Curie points at —40 and 
— 26°C, respectively. Their atomic moments are, respec- 
tively, 9.78 and 9.11 Weiss Magnetons, the theoretical 
moment for both ions being 8.57. Mixed crystals of 
salts of the divalent ions of both metals were also studied 
and found to obey Weiss’ law. The addition of a trace of 
silver to the copper salts and vice versa lowers the con- 
stant and Curie point of the solvent material in propor- 
tion to the concentration of solute. F.P.P. 
Rational classification of silicates. A. Ya. MIKEI. 
Ukrain.. Khem. Zhur., 9 [3-4] 472-75 (1934).—The dis- 
cussed classification of natural and artificial silicates (re- 
fractories, glazes, slag, etc.) is based on the theory of 
Vernadskii. All silicates are grouped into three chief 
groups: (1) simple and complex oxides and hydrates, (2) 
simple ortho- and meta-silicates and additional products, 
and (3) complex (heteropoly) silicates of the R,O; and RO, 
type of an acid character. Heteropoly silicates are classi- 
fied into four subgroups: (a) derivatives of H;Al,SOs¢ 


(HO — Al Cc} Si Oo Al — OH), (8) derivatives of 


kaolinic acid, kaolinite, (c) derivatives of polybasic chlo- 
rite acids, and (d) sapphire silicates (rich in Al,O;). Kao- 
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linites represent various derivatives of kaolinic acid, 
H, Al,Si2Os (ring structure), 


2 Oo 
HO — Al Al — OH 
O 


and of two other complex acids which differ by symmetri- 
cal additional groups of SiO, in the side chains: di- 
silicokaolin (pyrophyllite), 


=O 


and tetrasilicokaolin (orthoclase), 


OH 


O—Al—O 


O—Al— 
M.V.C. 


OH 

Reactions in the solid state investigated according to 
Hahn’s emanation method. R.Jacirscu. Siisber. Akad. 
Wiss. Wien, Math.-Naturw. Klasse IIb, 145, 221 (1936); 
abstracted in Sprechsaal, 69 [39] 567 (1936).—Studies of 
reactions in the solid state were made according to the 
method of Hahn (Z. Phys. Chem., 170, 191 (1934)). The 
changes in materials were determined from the change in 
the appearance of the resulting emanation (in per cent). 
This method was also used to study chemical reactions be- 
tween silica, alumina, iron oxide, and calcium carbonate. 
Sudden changes in the emanation discharge appear at 
about 570° to 870°C on heating precipitated silica, show- 
ing its corresponding modifications. An exchange reac- 
tion between CaO and SiO, was determined at 900°. 
The transformation of gamma-Al,O, in corundum occurs 
between 840 and 950°C. It begins on the surface of 
Al,O; particles and progresses to the interior. It can be 
concluded, therefore, that atoms have a greater energy on 
their surface than in their interior. Cobalt carbonate 
reacts with Al(OH); at 400° first, but between 400° and 800° 
an effect occurs which strongly checks the emanation 
discharge. The surface of gamma-Al,O, originated is 
covered up to 800°C, the beginning of the gamma-alpha 
transformation, after which emanation increases. A reac- 
tion between CaO and Al,O; occurs at this moment with 
the formation of Thénard’s blue and a considerable loosen- 
ing up of the reacting mass. CaCO, greatly affects the 
surface of Al,O,; above 600°C with a resulting loosening 
up of the Al,O; surface. Calcium ferrite is formed between 
550 and 600° and is also associated with a great loosening 
of the structure. M.V.C. 

System lime—boric oxide-silica. E. P. FLinr 
LaNnsING S. Weis. Jour. Research Nat. Bur. Stand., 17 
[5] 727-52 (1936); R.P. 941. Price 10¢—The equilib- 


rium diagram for the system CaO—B,O,-SiO,, constructed 
from data on 200 ternary compositions, is presented. 
The portion of the diagram immediately adjacent to the 
binary system B,O;-SiO, is incomplete. The investiga- 
tion has disclosed a type of liquid immiscibility not en- 
countered in other ternary oxide systems. Whereas in 
previous instances immiscibility was confined to one field 
only, in this system compositions in any one of three fields 
may melt with the formation of two liquids. The fields 
of silica, monocalcium borate, and calcium diborate were 
found to be largely within the immiscibility area which 
extends in the triangular diagram from the immiscibility 
region in the lime—boric oxide system to that in the lime- 
silica system. Unusual features of the fusion surfaces in 
this system were discussed. One new compound, penta- 
calcium borosilicate, melting at 1419°C, was found. 
Tricalcium silicate does not appear at the liquidus in the 
system. The mineral danburite was not obtained as a 
crystalline phase, its composition lying in the immiscible 
liquid portion of the monocalcium borate field. Solid 
solution of monocalcium borate, dicalcium borate, and 
pentacalcium borosilicate occurs in the dicalcium silicate, 
causing the alpha-beta inversion temperature of dicalcium 
silicate to be lowered by a maximum of about 190°C. 
R.A.H. 
Titanium oxide and its applications in the ceramic 
industry. Maurice Dérrméré. Rev. Mat. Constr. Trav. 
Pub., No. 322, pp. 97-100B (1936).—Titanium white has a 
great opacifying power in accordance with its high 
index of refraction, on which that property depends. It is 
pure in color, chemically inert, stable, harmless, and in- 
soluble in water, organic solvents, weak acids, and alkalis. 
It is used as opacifier in enamels. Under certain condi- 
tions titanium does not always give the pure white ex- 
pected: (1) It favors the development of the coloration 
of iron oxide present in ceramic mixes. It has a catalytic 
action on FeO, converting it into the more colored Fe,Q,. 
(2) TiO, causes the bluish tint of cobalt salts, introduced to 
increase adherence, to disappear. (3) It makes the cobalt 
blue and chrome and copper green of glazes lighter and mat. 
(4) With zinc oxide it gives cream, ivory, tan, and yellow. 
(5) With nickel, copper, and manganese it gives clear 
olive, brown, and gray tones. (6) In the presence of 
oxidizers or reducers, yellow or blue glazes can be obtained, 
Ti(OH), or TiCl,. These properties are used in porcelain. 
The metatitanate of cobalt gives blue-greens or greens, 
optically active, and is one of the most remarkable of the 
series of titanates used in glazes. A formula for enamel- 
ing isasfollows: mix 7.08% in weight of zirconium silicate 
and sodium, 40.58 SiO,, 18.94 borax (borate of sodium), 
19.65 crystallized sodium carbonate, 3.5 sodium nitrate, 
13.68 TiO,, 3.04 red lead, 6.93 antimony oxide, and 5.94% 
fluorspar. This is heated till fusion and the formation of 
an opaque enamel (U. S. Pat. 1,949,479). M.V.C. 
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Chrome pigments. Expert Leperve (I. G. Farbenin- 
dustrie A.-G.). U. S. 2,063,254, Dec. 8, 1936 (Dec. 12, 
1933). Mixed crystals suitable as yellow to red pigment 
coloring matters comprise basic lead chromate and at 
least one basic salt of lead with one of the acids selected 
from the class consisting of molybdic and tungstic acids. 
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Colored titanium dioxide pigments. R.M. McKinney 
anp C. E. Samira (E. I. du Pont de Nemours & Co.). 
U. S. 2,062,137, Nov. 24, 1936 (Jan. 11, 1935). The proc- 
ess of making a tinted titanium dioxide pigment com- 
prises calcining at a temperature of at least 800°C an 
intimate mixture of a compound selected from the group 
consisting of titanium dioxide and hydrated titanium 
dioxide with a predetermined minor amount of a com- 
pound of a metal of the group consisting of chromium and 
vanadium. 

Method of making titanium dioxide. American ZINC, 
Leap, & Sme.ttinc Co. Brit. 456,544, Nov. 25, 1936 (July 
12, 1934). 

Process of decomposing beryllium minerals. Gustav 
Jaecer (Deutsche Gold- und Silber-Scheideanstalt vorm. 
Roessler). U.S. 2,063,811, Dec. 8, 1936 (April 19, 1935). 
A process for decomposing beryl comprises heating the 
beryl with alkaline substances in the presence of water to 
temperatures ranging from 150 to 500°C, extracting the 
decomposition product with water, decomposing the 
residue with acids whereby the silicic acid is made in- 
soluble, and recovering the beryllium from the solution. 

Purification of silica. R. HutcHINsON AND W. H. 
REYNOLDS. Brit. 456,513, Nov. 25, 1936 (May 7, 1935). 

Purification of titanium compounds. A. H. STrevens 
(C. F. Burgess Laboratories, Inc.). Brit. 456,314, Nov. 
18, 1936 (March 2, 1935). 

Purifying feldspar. N. G. Smira S. G. Smrra. 
U. S. 2,062,072, Nov. 24, 1936 (Aug. 11, 1928). 
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Rutile pigments. Paut KuUBELKA AND JOSEF SRBEK 
(E. I. du Pont de Nemours & Co.). U. S. 2,062,134, 
Nov. 24, 1936 (Feb. 20, 1932; Sept. 8, 1933). A pigment 
comprises a precipitated and heat-treated titanium di- 
oxide pigment of a whiteness at least 91% that of stand- 
ard magnesium oxide, the TiO, showing under X-ray 
analysis among the diffraction patterns of TiO, that of 
rutile only. 

Rutile pigments and process of making. Pau. Kvu- 
BELKA AND JOSEF SrBEK (E. I. du Pont de Nemours & 
Co.). U. S. 2,062,133, Nov. 24, 1936 (Feb. 20, 1932). 
(7) In a process of hydrolyzing a titanium chloride solu- 
tion in the presence of a seed, the steps of providing a 
titanium solution of a pu value below 3.5, heating the 
solution while codrdinating the degree of the heating with 
the pu value to precipitate a seed which when added to 
the titanium chloride solution initiates hydrolysis therein 
on heating to hydrolyzing temperatures with visible seed 
particles remaining in the mixture until precipitation 
starts and which will produce a substantial hydrolysis in a 
short time, and then adding the seed to the original ti- 
tanium chloride solution and heating the mixture to 
effect hydrolysis. (10) In a process of producing a 
titanium dioxide pigment of rutile crystal form and of a 
whiteness at least 91% that of standard magnesium oxide, 
the step of heating to pigment forming temperatures a 
precipitated hydrated titanium oxide which, on X-ray 
analysis, shows among the TiO, diffraction patterns that of 
rutile only. 
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Ceramic school of Sévres. E. S. Greicov. Argile, 
No. 162, pp. 11-13 (1936).—A limited number of students 
are given the opportunity of being trained at the Sévres 
plant. The degree of Ceramic Engineer is conferred on 
completion of the three-year course. Special students 
may also attend. M.V.C. 

Dust collection in the foundry. S.D.Moxiey. Trans. 
Amer. Foundrymen's Assn., 7 [1] 191-227 (1935); for 
abstract see Ceram. Abs., 14 [11] 296 (1935). 

Estimation of chromaticity differences and nearest color 
temperature on the standard 1931 ICI colorimetric co- 
ordinate system. Deane B. Jupp. Jour. Research 
Nat. Bur. Stand., 17 [5] 771-79 (1936); R.P. 944. Price 
5¢. R.A.H. 

How to reduce power costs. J. O. KRAEHENBUEHL. 
Brick Clay Rec., 89 [3] 98-100; [4] 156-58 (1936).—K. 
shows how a watt-meter can be used to reveal inefficien- 
cies such as over and under powering, low power factor, 
and high peak loads. Simple changes may mean impor- 
tant savings. E.J.V. 

James Watt. Anodn. Eng. Boiler House Rev., 49 
[9] 659, 663 (1936).—Two hundred years ago James 
Watt was born at Greenock, Scotland. Watt queried 
the paradox of the ‘“‘Newcomen”’ cylinder which had to be 
alternately hot and cold, the steam being employed only 
to create a vacuum on condensation. In 1765 he realized 
the necessity of a separate exhaust vessel (now known as 
the condenser) into which the steam could be condensed 
without cooling the engine cylinder so frequently. In 
1775, Watt became a partner in the famous firm of Boulton 


and Watt. Seven years after Watt joined the company, 
he secured his patent for his double acting, rotating ex- 
pansion engine. James Watt’s early education was at a 
grammar school in Greenock, but at the age of 21 he be- 
came instrument maker to the college of Glasgow (now 
the University). He died in August, 1819, in his 84th year. 
W.F.F. 

Mileposts in Tennessee’s clay industry. Grorcer I. 
Wuirtatce. Jour. Tenn. Acad. Sci., 11 [3] 153 (1936).— 
W. gives a historical sketch of the growth of the ceramic 
industry and the consumption of ceramic products in 
Tennessee. The first record of ceramic materials being 
used appears to be the construction of a brick chimney in 
1770. The first brick house was constructed in 1795 and 
the first bathtub was installed in 1842. The modern 
brick industry had its beginning in Tennessee in 1866. 

M.C:S. 

“Tri~Comp” method of dealing with boiler scale. 
Freperic Srrauss. Eng. Boiler. House Rev., 49 [8] 604 
(1936).—To prevent scale formation the scale-forming 
salts are precipitated, usually employing a surplus of pre- 
cipitant which leads to the danger of caustic embrittle- 
ment, priming of the boiler contents, or even to alkaline 
erosions. Supervision by chemical analyses should be 
made at short intervals to keep injurious actions within 
permissible limits. A porous layer of scale '/ in. thick 
is not an impediment to heat transmission and is a posi- 
tive protection against natural rusting, attacks of carbonic 
acid, oxygen, and the effective galvanic elements in the 
boiler due to the differences in material (in boilers up to 
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440 Ib./sq. in.). To prevent the layer of scale increasing 
to such a thickness as to noticeably impede heat trans- 
mission is the problem. Electric currents were passed 
through the boiler shell to keep the scale-producing salts 
from being deposited in a firm crystalline mass but in- 
stead thick layers of scale were released. The crystalline 
structure of the scale depends on the pressure and tem- 
perature in the boiler, the relative rates of enrichment of 
the scale-forming salts, and the strength of the waiter in 
regard to surface active ingredients (colloids, etc. ). 
W.F.F. 
When and how silicosis can be contracted. A. J. 
Lanza. Brick Clay Rec., 89 [3] 90-92 (1936).—Only dust 
containing free silica in a very finely divided state can 
cause silicosis. A silica dust is harmful in proportion to 
the amount of silica it contains. Control of dust condi- 
tions and periodic examinations of workers are essential. 
The symptoms of silicosis and the method of examination 
by X-ray are described. E.J.V. 


BOOKS AND BULLETINS 


Ceramic Data Book. 9th ed. Industrial Publications, 
Inc., Chicago, 1937. 116 pp. Price $5.00. This edition 
contains one of the most complete ceramic buyer’s direc- 
tories published. The section on ceramic data and litera- 
ture review, to which 116 pages are devoted, is a very ex- 
cellent review of the important developments in the glass, 
enamel, whiteware, heavy clay products, and refractories 
industries, as revealed in the literature from August, 1935, 
to September, 1936. This section is illustrated with pic- 
tures, charts, and tables. It has an extensive bibliography 
of the literature and it is indexed. The Industrial Publica- 
tions, Inc., is deserving of hearty compliments and words 
of appreciation for the service which it renders ceramists 
in issuing annually this book. Ross C. Purpy 

Handbook of Engineering Fundamentals. Edited by 
O. W. Esusacu. 40 contributors. John Wiley & Sons, 
Inc., New York. 1081 pp. ImIustrated. Price $5.00. 
Briefly reviewed in Eng. Mining Jour., 137 [10] 537 
(1936).—The 13 sections are titled (1) mathematical and 
physical tables—168 pages, (2) mathematics—128 pages, 
(3) physical units and standards—45 pages, (4) theoretical 
mechanics—47 pages, (5) mechanics of materials—O4 
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pages, (6) mechanics of fluids—54 pages, (7) engineering 
thermodynamics—96 pages, (8) electricity and mag- 
netism—69 pages, (9) radiation, light, acoustics, and 
meteorology—69 pages, (10) chemistry--40 pages, (11) 
metallic materials—110 pages, (12) nonmetallic mate- 
rials—84 pages, (13) contracts—28 pages. J.L.G. 

List of devices for respiratory protection approved by 
the U. S. Bureau of Mines. W.P. Yanr. Bur. Mines 
Information Circ., No. 6918, 6 pp. Free. This circular 
brings up to date the list of approved respiratory devices 
last published in ibid., No. 6845. R.A.H. 

Sharing Profits with Employees. Anon. Policy- 
holders Service Bur., Metropolitan Life Insurance Co., 
New York. Free. This report describes the different 
types of profit sharing plans, outlines their historical 
background, and discusses their purposes and theories. 
It then takes up the details of organizing and administering 
a program covering such subjects as eligibility for par- 
ticipation, the amount of profits to be shared, the basis of 
distribution, the form and time of distribution, etc. Case 
histories of several typical plans in use today are given in 
detail. 

Technical Diary, 1936. Jacgues Wotr. Les Btudes 
des Composés Siliceux, Bruxelles, Belgium. 298 pp. 
Reviewed in Ceram. Age, 27 [4] 102-103 (1936).—The 
first section of this yearbook contains diary pages for the 
year, available for reference notes. The second portion is 
devoted to information on ceramics, classified and divided 
into the particular line of production, including pottery, 
enameled ware, refractories, etc. Under these heads, 
concise and pertinent data are given, with charts and tech- 
nical references. There is a complete section devoted to 
technical tables of current use in the industry, while a 
classified list of products in the form of a buyers’ guide also 
is a feature of the work. F.G.H. 
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Granular material. E. H. Nicuois. U. S. 2,061,246, 
Nov. 17, 1936 (June 12, 1935). 

Method of preventing blooming of roofing granules. 
S. G. Wricut. U. S. 2,062,080, Nov. 24, 1936 (Jan. 23, 
1935). 
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